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ABSTRACT
B a ld c y p re ss  (Taxodlum d is tic h u m  L. R ic h .)  i s  a  d e s i r a b l e  s p e c ie s  
f o r  t r e e  r in g  s tu d ie s  due to  I t s  lo n g e v i ty ,  r e s i s t a n c e  to  d eca y , and 
th e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  th e  r in g  re c o rd  (Bow ers, 1973).
T h is  i n v e s t ig a t io n  en d eav o rs  to  d e te rm in e : 1) th e  ty p e  and number o f 
sam ples needed f o r  such  s tu d ie s ;  2) th e  v a lu e  o f  x - r a y  d e n s ito m e try  
a n a l y s i s  w ith  th e  s p e c ie s ;  3) th e  u s e f u ln e s s  o f th e  d a ta  f o r  d e l i n e a t ­
ing  d i f f e r e n c e s  in  swamp s i t e s  w hich d i f f e r  in  le n g th  o f  f lo o d in g  
and i f  th e s e  d i f f e r e n c e s  co u ld  a f f e c t  wood q u a l i ty ;  and 4) th e  a p ­
p r o p r ia te n e s s  o f th e  d a ta  from  d is tu rb e d  swamp s i t e s  in  so u th  
L o u is ia n a  to  d e n d ro c l im a tlc  s tu d ie s .
D if f e re n c e s  e x i s t  in  e ig h t  sample ty p e s .  Furrow  sam ples have a 
l a r g e  number o f  m iss in g  a n d /o r  m erging grow th  r i n g s ,  a r e  d i f f i c u l t  to  
m easu re , and t h e i r  s t a t i s t i c a l  c h a r a c t e r i s t i c s  a r e  no b e t t e r  th a n  th o se  
o f lo b e  sam p les. Compass d i r e c t i o n  i s  n o t s i g n i f i c a n t  b u t s o u th  sam­
p le s  c o n ta in  tw ic e  a s  many re s in o u s  bands. Over 50% o f th e  ch ro n o lo g y  
v a r ia n c e  i s  acco u n ted  f o r  by d i f f e r e n c e s  among c o re  c h ro n o lo g ie s .
Thus, i t  i s  b e n e f i c i a l  to  ta k e  two o r  more sam ples per t r e e .  A sam ple 
s iz e  o f 120, fo u r  c o re s  from  t h i r t y  t r e e s ,  i s  r e q u ir e d  to  red u ce  th e  
s ta n d a rd  e r r o r  o f  th e  sam ple mean to  .05  o r  l e s s .
X -ray  d e n s ito m e try  d id  n o t a l l e v i a t e  problem s w ith  c r o s s d a t in g  
and f a l s e  r in g s  w hich a r e  common w ith  b a ld c y p re s s .  A lthough s t a t i s t i ­
c a l  c h a r a c t e r i s t i c s  o f  th e  d e n s i ty  p a ra m e te rs  do n o t in d ic a te  t h e i r  u se  
in  d e n d ro c l im a tlc  s tu d ie s ,  th e  d e n s i ty  d a ta  are s i g n i f i c a n t l y  c o r r e la te d
x iv
w ith  b o th  mean m onth ly  p r e c i p i t a t i o n  and te m p e ra tu re .
A s h i f t  in  h y d ro lo g y  from  p e rm a n e n tly  to  s e a s o n a l ly  f lo o d e d  en ­
hanced wood p ro d u c tio n  in  good y e a r s ;  a n d , maximum la tew o o d  became 
m ore homogeneous among t r e e s .  Wide r i n g s  a r e  c h a r a c te r i z e d  by i n ­
c r e a s e s  in  d e n s i t y  and more a b ru p t  r in g  p r o f i l e s .  Maximum la tew ood  
and minimum earlyw ood v a ry  to g e th e r ;  th e  g r e a t e s t  d i f f e r e n c e  in  r in g  
u n if o r m ity  i s  due to  ch an g es  in  maximum la te w o o d .
The s t a t i s t i c s  g e n e ra te d  i n d i c a t e  t h a t  d e n d ro c l im a tlc  s tu d ie s  o f  
b a ld c y p re s s  in  s o u th  L o u is ia n a  shou ld  p ro v e  f r u i t f u l .  E v idence  
d e m o n s tr a te s  t h a t  th e  s p e c ie s  w i l l  be u s e f u l  in  a n a ly z in g  r e g io n a l  
a n o m a lie s ,  su ch  a s  th e  low  w in te r  te m p e ra tu re s  o f  th e  1 9 6 0 's  and 
197 6-7 9, and t h a t  b a ld c y p re s s  d a ta  may be a b le  to  be poo led  w ith  d a ta  
from  o th e r  s p e c ie s .
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C hap ter 1
INTRODUCTION
T h is  s tu d y  seek s  to  d is c o v e r  i f  t r e e  r in g  a n a l y s i s  i s  an a p p ro p r i ­
a t e  to o l  to  d e te rm in e  w hether d i f f e r e n c e s  e x i s t  in  wood p ro d u c tio n  in  
b a ld c y p re s s  (Taxodium d i  S t ic  trim L. R ic h .)  grow ing in  th r e e  a d ja c e n t ,  
bu t h y d ro lo g ic a l ly  d i s t i n c t i v e  swamp f o r e s t  s i t e s  in  L o u is ia n a . Dendro­
ch ro n o lo g y , o r  t r e e  r in g  d a t in g ,  d i s t i n g u i s h e s  th e  number o f  an n u a l 
r i n g s  in  a  wood s e c t io n  w ith  th e  a id  o f  a n a to m ic a l f e a t u r e s  (G lock 
and A g e r te r ,  1963 ). I t  i s  p o s s ib le  b ecau se  in  many t r e e s  c r o s s  s e c t io n s  
r e v e a l  c h a r a c t e r i s t i c  p a t t e r n s  o f a n n u a l r i n g s  (S to k e s  and Sm iley ,
1968). For exam ple, th e  p a t t e r n  o f  narrow  and w ide r i n g s  f o r  1850-1895 
w i l l  be com parab le  on a l l  sam ples l i v in g  d u r in g  t h i s  p e r io d .  However, 
n o t a l l  s p e c ie s  n o r a l l  sam ples o f  a  s p e c ie s  can  be d a te d .  The p a t t e r n  
f o r  each  sample d epends on i t s  g row th  env iro n m en t.
The s tu d y  o f  t r e e  r in g s  has long  been a  v a lu a b le  to o l  f o r  a rc h e o lo -  
g i s t s  w orking in  a r id  and a r c t i c  c l im a te s :  t r e e  r in g  d a t e s  r e f i n e  and
c a l i b r a t e  ra d io c a rb o n  d a t e s  ( F r l t t s ,  19 6 9 ). D ouglass (1947) e s ta b l i s h e d  
g u id e l in e s  f o r  t r e e  r in g  in v e s t ig a t io n s  an d , w ith  Edmund Schulm an, ex­
tended  t r e e  r in g  d a t in g  in to  d e n d ro c llm a to lo g y . V a r ia t io n s  in  e n v iro n ­
m e n ta l r e l a t i o n s h i p s  a r e  e v a lu a te d  and d i f f e r e n c e s  and s i m i l a r i t i e s  
in  t r e e  g row th  a r e  used  to  r e c o n s t r u c t  c l im a t ic  o c c u rre n c e s  ( F r i t t s  e t  
a l . , 19 7 0 ). As e a r ly  a s  1951, Schulman s ta te d  t h a t  s e v e ra l  th o ro u g h  
in v e s t ig a t io n s  d e m o n s tra te  th a t  c h ro n o lo g ie s  o f  l im i te d  c l lm a to lo g ic a l
1
s ig n i f i c a n c e  a r e  o b ta in a b le  from  th e  e a s te r n  and c e n t r a l  U nited  S ta t e s .  
P h ip p s (1 9 7 0 ), n o tin g  th e  c o m p le x it ie s  o f  t r e e  r in g  in v e s t ig a t io n s  in  
te m p e ra te  c l im a te s ,  p o in t s  o u t t h a t  many s tu d ie s ,  in c lu d in g  d e te rm in a ­
t i o n  o f  t r e e  age and d a t in g  o f  t r e e  damage and change in  env iro n m en t, 
a r e  p o s s ib le  b e fo re  a l l  g row th  c o m p le x it ie s  a r e  u n d e rs to o d .
R ecent s tu d ie s  in  I l l i n o i s ,  A rk an sas , T en n essee , V ir g in ia ,  N o rth  
C a ro l in a ,  and F lo r id a  i l l u s t r a t e  b a ld c y p re s s ' s u i t a b i l i t y  f o r  t r e e  r in g  
d a t in g  (Munson, 1971; Bowers, 1973; P h ip p s , 1978; Du ev e r e t  a l . ,  1978 
and S ta h le ,  19 7 9 ). However, th e  e x te n t  o f  t h i s  s u i t a b i l i t y  has  n o t 
been d e te rm in e d . T h is  s tu d y  a t te m p ts  to  more f u l l y  u n d e rs ta n d  th e  
e n v iro n m en ta l c u e s  w hich a f f e c t  th e  grow th  re c o rd  o f  b a ld c y p re s s  in  
L o u is ia n a  and to  a s s e s s  th e  d e n d ro c h ro n o lo g lc a l p o t e n t i a l  in  a p re ­
v io u s ly  u n ex p lo re d  a r e a .
The a p p ro ac h  to  t h i s  problem  i s  h i e r a r c h i c a l .  P hase  I  docum ents 
a  s tu d y  o f  th e  v a r i a t i o n  between sam ples from  t r e e s  grow ing on a  v e ry  
homogeneous m ic r o s i te .  B o th  a n a to m ic a l and s t a t i s t i c a l  c h a r a c t e r i s t i c s  
a r e  in v e s t ig a te d  to  d i s t i n g u i s h  any s ig n i f i c a n t  d i f f e r e n c e  among sam­
p le s  ta k e n  from  e ig h t  lo c a t io n s  on each  t r e e .
P hase  I I  i n v e s t i g a t e s  th e  d i f f e r e n c e s  in  th e  s t a t i s t i c a l  f e a t u r e s  
o f com parab le  sam ples among m ic r o s i te s  and s i t e s .  These com parisons 
a r e  d iv id e d  in to  two m ajo r s e c t io n s :
1) S t a t i s t i c a l  c h a r a c te r i z a t i o n  o f  th e  t r e e  r in g  d a ta  (C hap ter 4 ) .
2) I n v e s t ig a t io n  o f  th e  r e l a t i o n s h ip  betw een a docum ented d is tu rb a n c e  
and th e  t r e e  r in g  d a t a ,  an d , c l im a t ic  a n a ly s i s  o f th e  ch ro n o lo g y  
com piled  from  a l l  t r e e s  (C h ap te r 5 ) .
An added f e a t u r e  o f t h i s  phase  i s  d e n s ito m e try  d a t a .  Not o n ly  a r e  r in g
w id th s  m easured -  th e  m ost common form  o f  t r e e  r in g  a n a ly s i s  -  bu t a l s o  
an  x - r a y  d e n s ito m e try  method p ro d u ces  a d d i t io n a l  r in g  p a ra m e te rs  f o r  
com p ariso n . A c o n c u r re n t  p u rp o se  o f t h i s  s tu d y , th e n ,  i s  to  d e te rm in e  
i f  b a ld c y p re s s  i s  a  s u i t a b l e  s p e c ie s  f o r  d e n s ito m e try  s tu d ie s  and 
w hether d e n s i ty  d a ta  enhance th e  t r a d i t i o n a l  t r e e  r in g  m ethods; s p e c i­
f i c a l l y ,  c r o s s d a t in g ,  o f t e n  a  d i f f i c u l t  t a s k  w ith  t h i s  s p e c ie s  
(Bow ers, 1973 and S ta h le ,  19 7 9 ). F o lg e  (1970) s u g g e s ts  t h a t  th e  shape 
o f  d e n s i to m e tr ic  c u rv e s  can  s u rp a s s  r in g  w id th s  a s  a d a t in g  t o o l .
The th r e e  swamp s i t e s  s tu d ie d  a r e  a d ja c e n t  bu t d i s t i n c t i v e  in  
hyd ro logy  (F ig . 1) and co n co m itan t s o i l  f e a t u r e s .  T hree h y p o th e se s  
co n ce rn in g  th e  outcom e o f  Phase I I  o f  t h i s  s tu d y  w ere d e r iv e d  d u r in g  
a  l i t e r a t u r e  re v ie w  o f  th e  e f f e c t s  o f  d i f f e r e n t  w ater re g im e s  on t r e e  
g row th  in  b o tto m la n d s  and swamps, and s o i l  m o is tu re  on wood p ro d u c tio n . 
The h y p o th e se s  a r e :
1) The s i t e s  w i l l  e x h ib i t  d i f f e r e n c e s  in  wood p ro d u c tio n  o f  b a ld c y p re s s .
a .  Q u a n t i t a t iv e ly
S easo n a l f lo o d in g  i s  b e t t e r  f o r  t r e e  g row th  th a n  c o n t in u a l  impound­
ment o r  d r a in a g e .  A e ra tio n  enhances g row th . (M attoon , 1916; G reen, 
1947; Y eager, 194 9; B rin k , 1954; H osner, 1958; S o u th e a s te rn  F o re s t  
E xperim ent S ta t io n ,  1958; H osner, 1960; Putnam e t  a l . , 1960; D ickson 
e t  a l , ,  1965; B ro a d fo o t, 1967; D ickson , 1968; Mims, 1968; Hook e t  
a l . , 1970; Kennedy, 197 0; D ickson e t  a l . ,  1972; Hook e t  a l . , 1972; 
B ro a d fo o t, 1973; Harms, 1973; Kennedy and K r in a rd , 1974; Johnson 
e t  a l . ,  197 6; and Langdon e t  a l . ,  1978 .) H y p o th e t ic a l ly ,  th e n ,  
g row th  w i l l  be fav o red  on th e  n a tu r a l  f lo o d in g  and th e  c o n t r o l le d  
f lo o d in g  s i t e  (p o s t-1 9 7 0  when th e  s i t e  was s e a s o n a l ly  d ra in e d )  a s
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Fissure 1 . H y d ro lo g ic a l _regimes observed  on a r e a s  1, 2 , and 3 
(ad ap ted  from  Conner e t  a l . ,  1981).
compared to  th e  p erm an en tly  f lo o d e d  s i t e ,
b. Q u a l i t a t i v e ly
The q u a l i t y  o f  th e  wood produced on th e  s i t e s  a s  m easured by th e  
p e rc e n ta g e  la tew ood  w i l l  d i f f e r  (H arlow , 1927; Lodew ick, 1930; P au l 
and M arts , 1931; M eisn er, 1943; C halk , 1931; S p u rr and H isung,
1954; B ogess, 1956; L arso n , 1957; Van B u ij te n e n , 1958; P a u l, 1959; 
F o i l ,  1960; Sm ith and W ils ie ,  1961; Zahner e t  a l . ,  1964; F r i t t s  
e t  a l . ,  1965; Choong e t  a l . ,  197 0; and Hsu and W a lte rs ,  1975).
2) T ree  r in g  d a ta  w i l l  be c o r r e la te d  w ith  h y d ro m e te o ro lo g ic a l param­
e t e r s  (B ogess, 1956; M cC lurkin , 1961; and M oehring and R a ls to n , 
1967).
3) The grow th  r i n g s  o f  t r e e s  grow ing on th e  p e rm an en tly  f lo o d ed  s i t e  
w i l l  e x h ib i t  th e  h ig h e s t  c o r r e l a t i o n  w ith  r e g io n a l  c l im a t ic  
p a ra m e te rs ,  such  a s  c a lc u la te d  s o i l  m o is tu re  d e f i c i t  (M cC lurkin, 
1961; F r i t t s ,  1962; M oehring and R a ls to n , 1967; and K ee ley , 1979).
D e s c r ip t io n  o f  A rea
The t r i a n g u la r  B a r a ta r ia  B asin  i s  6534 km2 o f w hich 697 tan2 a r e  
f re s h w a te r  swamp. The b a s in  i s  b o rdered  on th e  so u th w est by Bayou 
L a fo u rc h e , on th e  n o r th e a s t  by th e  M is s is s ip p i  R iv e r , and opens so u th ­
e a s t  to  th e  G ulf o f  Mexico (F ig . 2 ) .  The c o n s t r u c t io n  o f  le v e e s  a lo n g  
Bayou L afo u rch e  and th e  M is s is s ip p i  R iv e r and th e  c o n s tr u c t io n  o f  a 
dam a c r o s s  Bayou L afo u rch e  ( in  1903) a t  i t s  head , s e v e r in g  i t  from th e  
M is s i s s ip p i ,  p re v e n ts  s e a so n a l f lo o d in g  (Bowie, 1935). R a in f a l l  and 
e v a p o tr a n s p ir a t io n  r a t e s  p r im a r i ly  in f lu e n c e  w ater l e v e l s  in  th e  b a s in .
W ith in  th e  up p er re a c h e s  o f  th e  b a s in ,  Bayou C h ev reu il flo w s e a s t  
between two r id g e s ,  th e  Lower V ach erle  r id g e  to  th e  n o r th  and th e  h ig h -
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F ig u re  2 . Map o f r e s e a r c h  a re a  and th r e e  a r e a s  sampled (ad ap ted  from 
Conner ^  a l . ,  1981).
way 307 r id g e  to  th e  so u th . D uring a  to p o g ra p h ic a l su rv ey  o f  th e  a re a  
in  1869, L o c k e tt ( P o s t ,  1969) n o ted  th a t  Bayou C h ev reu ll " . . .  a f t e r  
f lo w in g  th ro u g h  a  low  swampy and m arshy re g io n  and becoming connec ted  
w ith  a  p e r f e c t  l a b y r i n th  o f sm a lle r  bayous, f i n a l l y  empty ( s i c )  In  Lac 
d e s  A llem ands . . .  Between th e s e  bayous and f r e q u e n t ly  a lo n g  them a r e  
d en se  c a n e -b ra k e s ,  c y p re s s  swamps, and ju n g le s  m aking, w ith  th e  
s c a t t e r e d  c o te a u x , a  v e ry  i n t r i c a t e  c o u n try ,  v e ry  d i f f i c u l t  to  examine 
w ith  th o ro u g h n e ss  and more d i f f i c u l t  to  s y s te m lz e ."
The th r e e  swamp s i t e s  chosen  f o r  t h i s  s tu d y  l i e  a d ja c e n t  to  each  
o th e r  betw een th e s e  two r id g e s .  A rea one ( s e e  F ig . 2) i s  a  1 km2 s ta n d , 
In  a  lo o p  o f  Bayou C h e v re u ll. D redging to  s t r a ig h te n  th e  bayou In  
1959 c u t  o f f  t h i s  lo o p , somewhat i s o l a t i n g  th e  o ld  c h a n n e l. T h is  s i t e  
i s  known l o c a l l y  a s  th e  "Voodoo P o ck e t"  and i s  r e f e r r e d  to  h ere  a s  th e  
n a t u r a l  f lo o d in g  a r e a .
A rea two i s  an a re a  o f  8 km2 w hich I s  en c lo sed  on th r e e  s id e s  by 
s p o i l  banks due to  d red g in g  o f  Bayou C h e v re u ll, th e  highway 20 embank­
ment w hich was com pleted  In  1930, and an o i l  r i g  a c c e s s  road  c o n s tru c te d  
th ro u g h  th e  swamp from 1961 to  1969. F lood ing  and d ra in a g e  p a t t e r n s  
a r e  g r e a t ly  a l t e r e d .  The r e s u l t  i s  a  p e rm an en tly  f lo o d ed  a r e a .  ( In  
1977, a f t e r  th e  i n i t i a t i o n  o f  t h i s  s tu d y , c u t s  in  th e  s p o i l  bank a lo n g  
th e  bayou enhanced d ra in a g e  o f  th e  a r e a . )
A rea th r e e  c o n ta in s  3 km2 . I t  i s  bounded on th e  n o r th  by V ach erie  
C an a l, dug in  1955 to  a id  in  su g ar cane  f i e l d  d r a in a g e ,  on th e  w est 
by highway 20 , and on th e  so u th  by th e  swamp a c c e s s  ro a d . A p ip e l in e  
c a n a l  c o n s tru c te d  between 1959 and 1962 ru n s  a lo n g  th e  w este rn  edge 
o f  s i t e s  two and th r e e  and a d ja c e n t  to  highway 20 . The h i s to r y  o f
impoundment was s im i la r  to  th e  p e rm an en tly  f lo o d ed  a re a  u n t i l  1971, 
when w a te r l e v e l s  w ere a l t e r e d  f o r  c r a w f is h  p ro d u c tio n . A m ore n a tu r a l  
f lo w  p a t t e r n  now e x i s t s .  I t  i s  f lo o d ed  in  th e  f a l l  and d ra in e d  in  th e  
s p r in g  ( Conner e t  a l . .  1981). C oteaux C h e v re u il ,  a  low  r id g e ,  ru n s  
th ro u g h  th e  a re a  in  an  e a s t-w e s t  d i r e c t i o n .  The up p er end o f  th e  a re a  
was co n to u red  in  1975 to  r e t a i n  more w a te r on th e  n o r th w e s te rn  s e c t io n .  
T h is  s i t e  i s  d e s ig n a te d  a  c o n t r o l le d  f lo o d in g  a r e a .
The v e g e ta t io n  o f  th e  s i t e s  i s  d e s c r ib e d  by Kemp e t  a l .  (1 9 7 5 ), 
Conner and Day (1 9 7 6 ), S k la r  and Conner (1979) and Conner e t  a l .  (1 9 8 1 ). 
The t o t a l  b a s a l  a r e a  f o r  each  s i t e  seems low when compared w ith  pub­
l i s h e d  f i g u r e s  (T ab le  1) a l th o u g h  r i g i d  co m parisons  a r e  n o t p o s s ib le .
S o i l . The s o i l s  o f th e  r e s e a r c h  a re a  belong to  th e  b a rb a ry  
a s s o c ia t io n  (Cockerham e t  a l . ,  1973). The s u r f a c e  la y e r  i s  v e ry  d a rk  
g ray ish -b ro w n  muck, ab o u t 15 cm th i c k ,  u n d e r la in  by a  la y e r  o f d a rk -  
g ra y  c l a y .  A la y e r  o f  muck 126 to  152 cm th i c k  c o n ta in in g  many lo g s  
and stum ps fo llo w s .  The s u r f a c e  la y e r  i s  medium a c id  to  m o d e ra te ly  
a l k a l i n e ,  a l th o u g h  s o i l s  a p p ro ac h  n e u t r a l i t y  upon subm ergence ( P a t r i c k  
and M ahapatra , 1968). P e rm e a b il i ty  i s  v e ry  low  and d ra in a g e  i s  p o o r. 
These s o i l s  s h r in k  I r r e v e r s i b l y  when d ra in e d .
F lood ing  c a u s e s  a  s e r i e s  o f  chan g es  to  ta k e  p la c e  in  th e  s o i l  
w hich can  s e v e re ly  l i m i t  norm al r o o t  r e s p i r a t i o n  a n d /o r  c r e a te  h ig h ly  
to x ic  c o n d i t io n s .  T hese changes a r e  rev iew ed  in  d e t a i l  by G am brell 
and P a t r i c k  (1 9 7 8 ). When d is s o lv e d  oxygen d is a p p e a r s ,  w aterlogged  
s o i l s  a r e  red u ce d . The i n t e n s i t y  o f  r e d u c t io n  and th e  su b sequen t 
ch em ica l t r a n s fo rm a tio n s  w hich ta k e  p la c e ,  a r e  a f f e c te d  by th e  d u ra t io n  
o f  subm ergence ( P a t r i c k  and M ahapatra , 1968). In  t h i s  r e s p e c t  th e
Table 1. T o ta l b a sa l a re a  comparisons o f swamp f o r e s ts  In  Alabama, F lo r id a , G eorgia, L ou isiana and 




Age (D ia .)* Source
T o ta l Basal 
Area (m2ha- l )
Baldcypress
Blue G irth  Swamp
D allas County, AL (>2.54) H all and Penfound, 1943 77.23
Okefenokee, GA 150 y rs  (*4 ,0  ) S c h le s in g e r, 1978 52 -  69.4
W itlacoochee S ta te
F o re s t, FL ( 10.0) M itsche and Ewel, 1979 17,32
Tupelo-B aldcypress
Drained Swamp
L iv ingston  P a r ish , LA 81 y rs  (*-12,5) Mims, 1968 64.82
Drained Swamp
L iv ingston  P a r is h , LA 71 y rs  ( 12,5) Mims, 1968 59,9
Heron Pond
Johnson County, IL (*8.89) Anderson and W hite, 1970 55.58
L iv ingston  P a r ish , LA 79 y rs  (*12.5) Mims, 1968 53.33
L iv ingston  P a r is h , LA 69 y rs  (*12.5) Mims, 1968 45 ,5
N atu ral Flooding **
S t .  James P a r is h , LA (>2.5 ) Conner and Day, 1976 38.34
Permanently Flooded **
S t. James P a r is h , LA -•60 y rs  (*2 .5  ) Kemp e t  a l . .  1975 26.5
Baldcypress-M ixed Hardwoods
Blue G irth  Swamp
D allas  County, AL 0-2.54) H a ll and Penfound, 1943 110.56
C ontro lled  Flooding **
S t.  James P a rish , LA "60  y rs  (*2 .5  ) Conner e£  a l . , 1981 40 .0
* diam eter c la s s  included  In study (cm) ** s i t e s  o f  study
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ed ap h ic  env ironm ent o f  th e  s i t e s  may d i f f e r  (F ig . 1 ) .
C lim a te . M u l le r 's  (197 0 a ,b )  e x te n s iv e  work on th e  h y d ro c lim a­
to lo g y  o f  so u th e rn  L o u is ia n a  d e s c r ib e s  a  " f e a s t  o r  fam ine" sc h e d u le  o f 
w a te r s u rp lu s e s  and d e f i c i t s .  The s t a t e  has th e  h ig h e s t  re c o rd e d  
av e ra g e  a n n u a l p r e c i p i t a t i o n  f o r  any  s t a t e ,  bu t d e f i c i t s  do o c c u r , 
p r im a r i ly  in  th e  summer and f a l l .  W hile w in te r  and sp r in g  a r e  s u rp lu s  
s e a so n s , s e a so n a l v a r i a t i o n  among y e a r s  i s  l a r g e  and r a th e r  u n p r e d ic t ­
a b le  (M u lle r , 197 0 b) .
F ig . 3 shows an  av e ra g e  m onth ly  w ate r budget f o r  th e  upper 
B a r a ta r la  swamp b a s in ,  1914-78. F ig . 4 shows th e  long  te rm  a n n u a l 
v a r i a t i o n  in  t o t a l  p r e c i p i t a t i o n  m inus p o t e n t i a l  e v a p o tr a n s p lr a t io n  
( S k la r ,  1981).
D uring m ost o f  th e  y e a r  s o u th e r ly  w inds Im part th e  c h a r a c t e r i s t i c s  
o f  a  m a ritim e  c l im a te .  The mean a n n u a l te m p e ra tu re  i s  25° C. Annual 
mean r e l a t i v e  hum id ity  i s  75%. Summer maximum a i r  te m p e ra tu re s  re a c h  
o r  exceed 32° C ab o u t s e v e n ty - f iv e  p e rc e n t o f  th e  d ay s in  Ju n e , J u ly ,  
and A ugust, bu t te m p e ra tu re s  r a r e l y  exceed 38° C. T em pera tu res a t  o r  
below  f r e e z in g  a r e  re c o rd e d  an  a v e ra g e  o f 14 d ay s  per w in te r ,  bu t 
te m p e ra tu re  in v e r s io n s  a r e  common and r e a d in g s  a r e  ta k e n  a t  1 .37  m e te rs  
above th e  g ro u n d . Ground te m p e ra tu re s  a r e  known to  be s e v e ra l  d e g re e s  
l e s s  (Cockerham e t  a l . ,  1973).
H is to ry  o f  A rea
M ancil (1972) p ro v id e s  a d e t a i l e d  acco u n t o f  c y p re s s  lum bering  in  
L o u is ia n a . L a rg e - s c a le  i n d u s t r i a l  lo g g in g  o f  c y p re s s  began in  L o u is ia n a  
in  1890. P r io r  to  t h i s  th e r e  was v e ry  l i t t l e  a c t i v i t y  in  th e  swamps 
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A verage w a te r  b u d g e t for th e  U pper B a ra ta ria  
B a s in , 1 9 1 4 - 1 9 7 8 .1 PE=Potential E v ap o tran sp ira tio n ; 
AE=Actual E vapo transp ira tion  for a  so il m o istu re  
s to ra g e  of 6  inches.]
INCHES
F ig u re  3 . Diagram o f av e ra g e  w ater budget c o n s tru c te d  by S k la r  (1981) 
u s in g  th e  m ethods o f  T h o rn th w aite  and M ather, 1955.
MM INCHES
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ANNUAL TOTALS OF P-PE FOR THE UPPER BARATARIA BASIN
Figure 4 . Diagram fo r  1914-78 of th e  annual sum o f p r e c ip i ta t io n  (P) minus p o te n t ia l  evapo­
tr a n s p i ra t io n  (PE) fo r  th e  B a ra ta r ia  swamp basin  taken from S k lar (1981).
to
R a ilro a d  lo g g in g  (V ach e rie  and S t .  Jam es m i l l s i t e s )  was u sed  on 
th e  r e s e a r c h  s i t e s .  The d re d g in g  o f  c a n a ls  and th e  b la s t in g  o f  ob­
s t r u c t io n s  lo o sen ed  s o i l  ; g r e a t ly  changed d ra in a g e  p a t t e r n s  and w ide­
sp read  f lo o d in g  o c c u r re d , d eep en in g  some swamps to  th e  p o in t  a t  w hich 
t r e e s  co u ld  n o t r e g e n e ra te .  Loosened sed im en ts  w ere d e p o s ite d  on lo g s  
and d e b r i s  on th e  swamp f l o o r ,  ad d in g  g r e a t ly  to  th e  d i f f i c u l t y  o f 
moving ab o u t th e  swamp. R a ilro a d  lo g g in g  was m ost e f f i c i e n t  in  
d e s tro y in g  young g row th  and p o t e n t i a l  seed t r e e s  (M an cll, 1972).
I t  i s  o b v io u s  from  tim b e r l e a s e s  t h a t  c y p re s s  was c u t  and m ille d  
on th e  s i t e  from  1907 to  p o s t-1 9 2 0  (L afo u rch e  P a r i s h  Record o f  
C onveyances, 1907; S t .  Jam es P a r is h  Record o f  C onveyances, 1920). The 
o ld e s t  t r e e s  o f  th e  p re s e n t  p o p u la tio n ,  th e n ,  ra n g e  from  ab o u t 70 
y e a r s  ( i f  sp ro u ted  from  stum ps) to  a p p ro x im a te ly  60 y e a r s .
The c o n s tr u c t in g  o f  c a n a ls  and le v e e s  a s  l a t e  a s  1975 (se e  
D e s c r ip tio n  o f  A rea) makes i t  c o n c e iv a b le  t h a t  a  g r e a t  d e a l  o f tim b er 
has been removed s in c e  th e  l a r g e  s c a le  lo g g in g  e f f o r t s .  R ecent c u t t in g  
was e v id e n t in  s e v e ra l  a r e a s  o f th e  c o n t ro l le d  f lo o d in g  s i t e  when f i r s t  
v i s i t e d  in  th e  f a l l  o f  1976. Ash was s e l e c t i v e ly  c u t a s  l a t e  a s  1975, 
when a  p o r t io n  o f  t h i s  s i t e  was co n to u re d  (G ary G u id ry , p e rso n a l 
com m unica tion ). C u tt in g  i s  a  p ro b a b le  c a u se  f o r  th e  r e l a t i v e l y  low  
b a s a l a r e a  (T ab le  1 ) .
C hap ter 2
METHODS
F ie ld  C o l le c t io n s
The tru n k s  o£ b a ld c y p re s s  grow ing in  w ate r a r e  e n la rg e d  a t  th e  
base  and in  many in s ta n c e s  d e e p ly  fu rro w e d . Samples and d ia m e te r  
m easurem ents w ere ta k e n  Im m ediate ly  above th e  b u t r e s s .  A Sw edish 
in c rem en t b o re r  was used  to  remove a r a d i a l  c o re  5 mm in  d ia m e te r  from  
th e  l i v in g  t r e e s .  Wooden p lu g s  w ere in s e r te d  in to  th e  c o re  h o le s  to  
re d u c e  th e  r i s k  o f fu n g a l a t t a c k  a f t e r  sam pling  (M aeg lin , 197 9 ) . The 
b o re r  was sp rayed  w ith  is o p ro p y l a lc o h o l b e fo re  in s e r t i o n  in to  a  new 
t r e e .  Sam ples w ere ta p ed  o n to  wooden f i e l d  m ounts and numbered to  
id e n t i f y  th e  s p e c i f i c  s i t e  o f  c o l l e c t i o n ,  t r e e ,  and c o re .
F ie ld  n o te s  re c o rd e d  th e  e x a c t lo c a t io n  o f  th e  c o l l e c t io n  s i t e ,  
com pass r e a d in g s ,  d i s t a n c e s  betw een t r e e s  on th e  s i t e ,  w ater d e p th  a t  
b ase  o f  t r e e ,  a s s o c ia te d  s p e c ie s ,  r e l a t i o n s h ip  to  o th e r  t r e e s ,  and 
p h y s ic a l  f e a t u r e s  o f  th e  t r e e ,  such  a s  stem  d ia m e te r ,  crown ty p e ,  and 
th e  p re se n c e  o r  ab sen ce  o f knees and t h e i r  a v e ra g e  s iz e s .
For th e  p i l o t  p r o j e c t ,  o r  c o re  ty p e  s tu d y  (P hase  I ) ,  e ig h t  sam ples 
w ere ta k e n  from  each  o f  f i v e  t r e e s  grow ing on th e  c o n t ro l le d  f lo o d in g  
a r e a ,  to  d e te rm in e  i f  any s ig n i f i c a n t  d i f f e r e n c e  in  sample q u a l i t y  
e x is te d  due to  c o re  ty p e .  T here were e ig h t  c o re  ty p e s  -  n o r th  lo b e ,  
n o r th  fu rro w , so u th  lo b e ,  so u th  fu rro w , and so f o r t h  around th e  c ircum ­
fe re n c e  o f  th e  t r e e .  The t r e e s  chosen  f o r  th e  p i l o t  p r o je c t  a r e  o f
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u n ifo rm  s i z e ,  ag e  and crow n.
In  a c c o rd an ce  w ith  th e  r e s u l t s  o f  P hase  I ,  o n ly  fo u r  lo b e  c o re s  -  
p r im a r i ly  from  th e  e a s t  and w est s id e s  o f  th e  t r e e s  -  w ere ta k e n  fo r  
Phase  I I .  N o rth  and fu rro w  sam ples were e l im in a te d  (C h ap te r 3 ) .  T ree  
s e le c t io n  f o r  P hase  I I  was aimed a t  o b ta in in g  i n t a c t  sam ples w hich  
c h a r a c te r iz e d  th e  ra n g e  o f  t r e e  ag e  and w ater l e v e l s  o f th e  a r e a s .
Four sam ples w ere removed from  n in e  a d d i t io n a l  t r e e s  in  th e  c o n t ro l le d  
f lo o d in g  a re a  ( f o r  a  t o t a l  o f  1 3 ) , 13 t r e e s  in  th e  n a t u r a l  f lo o d in g  
a r e a ,  and 13 t r e e s  in  th e  p e rm an en tly  f lo o d e d  a r e a .
Sample P re p a ra t io n  and M achining
Each specim en was numbered and th e  s i z e ,  ty p e  o f  sam ple, and con­
d i t i o n  was re c o rd e d  w ith  th e  f i e l d  n o te s  on in d iv id u a l  f i l e  c a r d s .  
Sam ples w ere he ld  s t r a i g h t  on th e  f i e l d  m ounts f o r  a i r  d ry in g .
S e v e ra l ty p e s  o f  m ounting and m ach in ing  te c h n iq u e s  w ere t e s t e d  to  
d e te rm in e  w hich method would y ie ld  th e  t h i n n e s t ,  sm o o th e s t, m ost u n i ­
form  sam ple. The d e s ig n  u sed  s im u la te s  K u se c 's  (1972) tw in  b la d e  saw 
m ethod. The u n e x tra c te d  sam ples a r e  .534 mm th i c k  (+ .002 mm w ith in  a 
a  sam ple and + .004 mm between sa m p le s ). The p re s e n c e  o f  e x t r a c t i v e s  
d id  n o t ca u se  in su rm o u n tab le  p rob lem s in  t h i s  s tu d y , bu t b a ld c y p re s s  
sam ples w i l l  be c h e m ic a lly  e x t r a c te d  in  f u tu r e  x - r a y  s tu d ie s  (Thomas, 
1972).
Sample A n a ly s is
The s k e le to n - p lo t  te c h n iq u e  o f  c ro s s d a t in g  d e s c r ib e d  by S tokes  
and Sm iley (1968) was used  to  p re p a re  a  v i s u a l  r e p r e s e n ta t io n  o f  th e  
t r e e  r in g  d a t a .  In  c r o s s d a t in g ,  a t t e n t i o n  fo c u s e s  on w hether narrow  
a n d /o r  w ide r in g s  c o n s i s t e n t ly  o ccu r d u r in g  th e  same y e a r s  on each  c o re .
For exam ple, In  th e  c u r r e n t  s tu d y  th e  y e a r s  1941, 1943, 1951, 1960, 
1962-63, 1969, 1971, and 1978-79 w ere y e a r s  In  w hich th e  g row th  r in g s  
were a lm o st a lw ays n arro w  and 1937, 1955 and 1972 w ide. C ro ssd a tin g  
was c a r r i e d  o u t in d e p e n d e n tly  f o r  eac h  a r e a .
An in o r d in a te  amount o f  tim e  was sp e n t t r y in g  to  c r o s s d a te  th e  
sam ples o f  th e  n a t u r a l  f lo o d in g  a r e a .  S in ce  l i t t l e  su c c e s s  was 
a c h ie v e d , t h i s  a re a  was e l im in a te d  from  f u r th e r  a n a l y s i s .
To t h i s  p o in t  in  th e  s tu d y  a l l  sam ples f o r  a l l  p h a se s  o f  th e  
p r o je c t  were t r e a te d  a l i k e .  However, s l i g h t l y  d i f f e r e n t  m easu ring  and 
p ro c e s s in g  te c h n iq u e s  w ere employed f o r  th e  sam ples o f  th e  c o re  ty p e  
s tu d y  (P hase  I )  when compared to  th o s e  f o r  th e  m icro  s i t e  and s i t e  
s tu d y  (P hase  I I ) . The sam ples f o r  th e  c o re  ty p e  s tu d y  w ere m easured 
o p t i c a l l y ,  a  s l i g h t l y  d i f f e r e n c t  c u rv e  f i t t i n g  p ro c e d u re  was u s e d , 
and th e  d e n s ito m e try  s te p  was o m itte d .
Core Type S tudy  -  O p tic a l  M easurem ent. A d i s s e c t in g  ( s te r e o )  
m icro sco p e  and an Ames d i a l  in d i c a to r  w ere used  to  m easure  th e  r in g  
w id th s  (RW) to  th e  n e a r e s t  .01 mm. A g ra p h  o f  RW f o r  each  y e a r  o f  
each  sam ple was th e n  c o n s tru c te d  and a n a ly z e d .
X-Ray T e c h n iq u es . The x - r a y  a p p a ra tu s  used  i s  a  N orelco  150 in ­
d u s t r i a l  x - r a y  u n i t .  U n le ss  o th e rw is e  in d ic a te d ,  th e  p r e p a r a t io n  and 
x - ra y in g  o f  sam ples fo llo w s  P a rk e r  and M elesk ie  (1 9 7 0 ). The updated  
scann ing  x - r a y  m achine u sed  by P a rk e r  and Jo z sa  (1973) was n o t a v a i l ­
a b le .  The m ain l i m i t a t i o n  o f  th e  s t a t io n a r y  te c h n iq u e  used  i s  p a r a l la x  
d i s t o r t i o n s  w ith  long  sam ples. Due to  th e  s h o r t  av e ra g e  le n g th  o f  th e  
c o re s  (25 to  28 cm ), th e  d i s ta n c e  o f th e  x - r a y  so u rc e  from  th e  s p e c i ­
mens (1 .7  m ), and th e  th in n e s s  o f th e  sam ples, such  d i s t o r t i o n  was n o t
a  problem  In  t h i s  s tu d y .
The wood sam ple was p laced  f l a t  on a  r a d io g ra p h ic  f i lm  in  a  re a d y  
p ack , l i g h tp r o o f  en v e lo p e  b e n e a th  th e  x - r a y  head . I t  was exposed f o r  
40 seconds a t  22 k i l o v o l t s  and n in e  m ill ia m p e re s  w hich  y ie ld e d  an 
o p t i c a l  d e n s i ty  o f  1 .1 .  The f i lm  s e le c te d  (Kodak Type M), w hich i s  in  
s ta n d a rd  u s e ,  i s  a  slow  sp eed , r a d io g ra p h ic  f i lm  w ith  v e ry  h ig h  con ­
t r a s t  and sm all g r a in  s i z e .  The f i lm  was d ev eloped  w ith  Kodak p ro d u c ts  
a c c o rd in g  to  l a b e l  i n s t r u c t i o n s .
The c h a r a c t e r i s t i c  exp o su re  c u rv e  o f  ty p e  M f i lm  in d i c a te s  th a t  
an  o p t i c a l  d e n s i ty  o f  2 . 0  w i l l  y ie ld  r a d io g ra p h s  w ith  th e  maximum d e ­
f i n i t i o n .  However, th e  d e n s ito m e te r  a v a i l a b l e  co u ld  o n ly  accommodate 
o p t i c a l  d e n s i t i e s  ra n g in g  from  .9  to  1 .3 ;  an  o p t i c a l  d e n s i ty  o f  1 .1  
was u s e d . W hile f i lm  s e n s i t i v i t y  may a f f e c t  f u tu r e  s tu d ie s  o f  s p e c ie s  
w ith  sm a lle r  c e l l  d ia m e te r s ,  th e  l i g h t e r  d e n s i ty  was n o t a  problem  in  
t h i s  s tu d y .
In  t h i s  s tu d y  o n ly  r e l a t i v e  d e n s i t i e s  w ere m easured . A d e n s i ty  
c a l i b r a t i o n  s te p  wedge was c o n s tru c te d  o f  c e l l u lo s e  a c e t a t e  w hich has  
an  a b s o rp t io n  c o e f f i c i e n t  v e ry  c lo s e  to  t h a t  o f wood (Rudman e t  a l . ,  
1969 ). T h is  wedge was x -ra y e d  a lo n g  w ith  each  sam ple so t h a t  f i lm  
d e n s i ty  v a lu e s  cou ld  be c a l ib r a t e d  and compared ( s e e  D en sito m etry  
s e c t io n  b e lo w ).
F o rm erly , sam ples w ere c a r e f u l ly  m a in ta in e d  in  an o v e n -d ry  c o n d i­
t i o n  b e fo re  and d u r in g  x - ra y in g  (Megraw and H earn , 1971; P a rk e r  and 
J o z s a ,  1973 ). P r e s e n t ly ,  how ever, sam ples a r e  x -ra y e d  in  an a i r - d r y  
c o n d i t io n  (P a rk e r  e t  a l . ,  1977) a s  w ere th o s e  o f t h i s  s tu d y . Sample 
i d e n t i f i c a t i o n  num bers p a in te d  on each  mount w ith  le a d  p a in t  en su red
a c c u r a te  d a ta  a c q u i s i t i o n .
D e n s ito m e try . A scann ing  o p t i c a l  d e n s ito m e te r  a id e d  th e  c o n v e r­
s io n  o f  ra d io g ra p h  d e n s i ty  to  n u m e ric a l o u tp u t ,  th a n k s  to  th e  a s s i s ­
ta n c e  o f  D rs. R.M. A lle n  and L .E . N ix , Mr. P . J .  F r z e s t r z e l s k i  and D r. 
T .E . Wooten and 1ft:. R. C o l l in s  o f  th e  D epartm ent o f  F o r e s t r y ,  Clemson 
U n iv e r s i ty .  The d e n s ito m e te r  c o n v e rte d  th e  ch an g es in  f i lm  d e n s i ty  
to  pen t r a c in g s  on a H eath  c h a r t  x -y  r e c o r d e r .  The d e n s ito m e te r  a t  
Clemson i s  th e  d e s ig n  o f  E cho ls  (197 0) and was b u i l t  by T .E . W ooten.
(A d iag ram  o f  th e  a p p a ra tu s  a t  Clemson i s  shown in  C le av e la n d , 1975).
A T e k tro n ix  d i g i t i z i n g  t a b l e t  was used  to  c o n v e r t d a ta  p o in t s  from  th e  
c h a r t s  to  x -y  c o o r d in a te s ,  w hich w ere th e n  fed  d i r e c t l y  in to  a  com­
p u te r  program  w r i t t e n  by F . J .  P r z e s t r z e l s k i  and m o d ified  by R. 
C o l l in s .  D ata p o in t s  f o r  each  sam ple in c lu d e d  p o in t s  to  c a l i b r a t e  
b a s e l in e  d r i f t ,  d e n s i ty  o f s te p  wedge, and f i v e  p o in t s  p e r  r i n g .  The 
f i v e  p o in t s  f o r  each  r in g  w ere: 1 ) s t a r t  o f  r in g ;  2 ) maximum la tew ood 
d e n s i ty ;  3) b eg in n in g  o f  la tew ood zo n e ; 4) end o f  earlyw ood zone; and 
5) minimum earlyw ood d e n s i ty .  The o u tp u t o f  th e  program  i s  b o th  x -y  
c o o rd in a te s  and r in g  p a ra m e te rs . The r in g  w id th , d i s ta n c e  from b a rk , 
maximum la tew ood  d e n s i ty ,  minimum earlyw ood d e n s i t y ,  and p e rc e n ta g e  
e s t im a te s  o f  earlyw ood and la tew ood a r e  p r in t e d .  A ll  d a ta  p o in t s  a r e  
a d ju s te d  f o r  b a s e l in e  d r i f t  and c a l ib r a t e d  to  th e  s te p  wedge. B ecause 
th e  program  i s  be in g  e d i te d  f o r  p u b l i c a t io n ,  a  copy i s  n o t a v a i l a b l e  
h e re .
The s e le c t io n  o f  d a ta  p o in t s  3) and 4) was in h e re n t ly  s u b je c t iv e ,  
because  no c l e a r  t r a n s i t i o n  from  e a r ly  to  la tew ood  i s  e v id e n t in  many 
o f  th e  r i n g s  sam pled. For t h i s  re a so n  th e  o n ly  program  p a ra m e te rs
used  were RW, maximum la tew ood  (MX LW) and minimum earlyw ood (MIN EW) . 
The r in g  p a ra m e te rs  used  a r e  d iagram ed in  F ig . 5.
An a d d i t io n a l  r in g  p a ram e te r was c r e a te d  from th e  MX LW and MIN EW 
v a lu e s .  The d i f f e r e n c e  between th e s e  two v a lu e s  f o r  a  g iv e n  r in g  i s  
term ed th e  d e n s i ty  d i f f e r e n c e  v a lu e  (DENS). T h is  p a ram e te r  i s  an index 
o f d e n s i ty  u n ifo rm ity  a c r o s s  a  s in g le  grow th  r i n g .  L arson  (1973) p o in ts  
o u t t h a t  th e  d i s t i n c t i o n  between earlyw ood and la tew ood  a lm o st d i s ­
a p p e a rs  in  c o n i f e r s  grown under s e m i- t r o p ic a l  c o n d i t io n s ;  he co n c lu d e s  
t h a t  th e  t r a n s i t i o n  zone between e a r ly  and la tew ood  (o r  la c k  o f  one) 
should  be c o n s id e re d  in  e v a lu a t in g  th e  e f f e c t s  o f  g row th  a c c e le r a t io n  
on wood. E ch o ls  (1 9 7 1 ), in  a  s tu d y  o f  th e  p a t t e r n s  o f  wood d e n s i ty  
a f t e r  f e r t i l i z a t i o n  and th in n in g ,  found th a t  v a r i a t i o n s  due to  t r e a t ­
ment o c c u rre d  m ost f r e q u e n t ly  in  th e  low er and u p p er d e n s i ty  l e v e l s ,  
r a th e r  th a n  u n ifo rm ly  th ro u g h o u t g row th  r i n g s .  High d e n s i t i e s  e x e rc is e d  
th e  g r e a t e s t  In f lu e n c e .  As m entioned  above, many o f th e  r i n g s  o f t h i s  
s tu d y  have a f l a t t e n e d  p r o f i l e .
The p a ram ete r c r e a te d  h e re  (DENS) m easu res th e  change in  d e n s i ty  
w ith in  a  grow ing season  and should  n o t be con fused  w ith  a  p a ram ete r con­
s t r u c te d  by P o lg e  (1 9 7 0 ). P o lge  (1970) computed th e  d i f f e r e n c e  between 
maximum d e n s i ty  f o r  one y e a r  and th e  minimum d e n s i ty  f o r  th e  fo llo w in g  
y e a r .
B ecause o f  poor c ro s s d a t in g  o f some sam p les, th e  le n g th  o f  tim e 
re q u ir e d  to  a n a ly z e  each  sam ple, th e  tim e  a l l o t t e d  on th e  Clemson 
equ ipm ent, and th e  q u e s tio n a b le  d e n s ito m e te r  t r a c in g s  f o r  some o f th e  
sam ples (wood o f poor q u a l i ty  caused  some p ro b le m s) , o n ly  two sam ples 
w ere ana ly zed  fo r  each  t r e e .  T h is  s t r a t e g y  en su red  eq u a l sample s iz e
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F ig u re  5 . D e n s ity  g ra p h  o f th r e e  g row th  r in g s  w ith  th e  r in g
p a ra m e te rs  in d ic a te d :  1) RW, r in g  w id th ; 2) MIN EW, 
minimum earlyw ood; 3) DENS, d e n s i ty  d i f f e r e n c e  (maximum 
la tew ood  m inus minimum earlyw ood) and 4) MX LW, 
maximum la tew ood .
o f eac h  group and a d e q u a te  d e g re e s  o f  freedom  f o r  th e  a n a l y s i s  o f 
v a r ia n c e  (ANOVA).
B asa l A rea D e te rm in a tio n . The d i s ta n c e  from  b a rk  v a lu e  was used  
in  th e  c a l c u la t io n  o f  b a s a l  a re a  (BA). The BA in c re a s e  p e r  t r e e ,  w hich 
i s  d is c u s s e d  in  Chap. 5 , was d e te rm in e d  by th e  fo rm u la :
1) Dy -  D7 9  -  2 (dy)
where D7 9  i s  th e  d ia m e te r  m easured f o r  each  t r e e  i n  1979, and 
dy i s  th e  d i s ta n c e  from  b a rk  v a lu e  f o r  th e  e a r l i e s t  y e a r  o f  th e  
p e r io d  be in g  s tu d ie d .  Dy p ro v id e s  an e s t im a te  o f  th e  d ia m e te r  
o f th e  t r e e  a t  th e  e a r l i e r  d a te  be ing  c o n s id e re d . For exam ple, 
i f  th e  p e r io d  1970-79 i s  b e in g  c o n s id e re d  th e n  Dy ■ D1 9 7 Q. Dy 
i s  u sed  to  c a l c u l a t e  th e  BA o f  eac h  t r e e  f o r  th e  y e a r  be in g  
s tu d ie d .  The BA i s  c a lc u la te d  from  e q u a tio n  2) f o r  th e  a r e a  of 
a  c i r c l e .
2) BA -  * r 2 .
D7 9  i s  used  to  c a l c u la te  th e  BA o f each  t r e e  in  1979. To f in d  
th e  BA In c re a s e  f o r  1970-79, th e  e s tim a te d  BA f o r  1970 i s  sub­
t r a c te d  from  th e  BA f o r  1979.
S ta n d a rd iz a t io n . As a t r e e  m a tu re s , i t s  g row th  r a t e  s lo w s. A 
g row th  cu rv e  i s  u s u a l ly  f i t t e d  to  th e  tim e  s e r i e s  o f RW to  e l im in a te  
th e  v a r i a t i o n s  due to  a g e . A lthough  th e  t r e e s  o f t h i s  s tu d y  a r e  
c o n s id e re d  more o r  l e s s  ev en ly  ag ed , a  g row th  c u rv e  o r  tr e n d  l i n e  was 
d e r iv e d  f o r  eac h  in d iv id u a l  sam ple to  m inim ize d a ta  v a r i a t i o n  due to  
d i f f e r e n c e s  betw een t r e e s  in  av e ra g e  g row th  r a t e s  (La M arche, 1974 a ) .  
The v a lu e  f o r  each  y e a r  i s  d iv id e d  by th e  exp ec ted  g row th  f o r  th e  y ear 
a s s o c ia te d  w ith  a  f i t t e d  c u rv e . T h is  new v a lu e  f o r  th e  y ea r i s  r e ­
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f e r r e d  to  a s  an  index.: (IND) and th e  RW s e r i e s  i s  s a id  to  be s ta n d a r ­
d iz e d .  The IND f o r  each  sam ple h as  a  mean ap p ro x im atin g  one gnH a 
v a r ia n c e  w hich i s  in d ep en d en t o f  t r e e  a g e , p o s i t io n  w ith in  th e  t r u n k ,  
and mean g row th  o f  th e  t r e e .  I n d ic e s  a r e  used  b ecause  in d iv id u a l  RW
a r e  m ost m ean in g fu l when ex p re ssed  in  p e rc e n ta g e  g row th .
The y e a r ly  RW, MX LW, MIN EW, and DENS (MX LW m inus MIN EW) v a lu e s
f o r  each  sam ple o f  P hase  I I  w ere fed  in to  a  b a s ic  l i s t i n g  program 
(RWLST IQ) d e v ise d  by H u szar, B o tto r f  and Ray (1 9 6 8 ). The program  
l i s t s  th e  v a lu e s ,  20 y e a r  m eans, mean s e n s i t i v i t y  (MN SENS), and s lo p e  
f o r  eac h  c o r e .  The PROC PLOT program  o f  th e  S t a t i s t i c a l  A n a ly s is  
System (SAS) was u sed  to  p lo t  th e  v a lu e s  to  d e te rm in e  what g e n e ra l  ty p e  
o f c u rv e  cou ld  be f i t t e d  to  th e  d a t a .  The two c o re s  s e le c te d  from  each  
t r e e  w ere a rra n g e d  so t h a t  th e  sam ple w ith  th e  l a r g e s t  mean was no ted  
a s  c o re  on e . The INDXA com puter program , developed  a t  th e  L a b o ra to ry  
o f T ree-R ing  R esea rc h  o f  th e  U n iv e r s i ty  o f  A rizo n a , c o n v e rte d  th e  
v a lu e s  in to  in d ic e s  and c a lc u la te d  th e  s t a t i s t i c a l  p a ra m e te rs  o f  th e  
c h ro n o lo g ie s .  O utput from  t h i s  program  was checked w ith  s e v e ra l  SAS 
p ro c e d u re s  in c lu d in g  MEAN, ANOVA, AUTOREG, and GLM.
The program  INDXA h as  s e v e ra l  c u rv e  f i t t i n g  o p t io n s .  W ith th e  
o p tio n  chosen  f o r  th e  RW d a ta ,  th e  program  f i r s t  t r i e s  to  f i t  a  n eg a­
t i v e  e x p o n e n tia l  c u rv e  to  th e  d a ta ;  i f  t h i s  i s  n o t p o s s ib le  w ith in  th e  
l i m i t s  o f  th e  com puter, a  s t r a i g h t  l i n e  i s  f i t t e d  to  th e  d a ta .  A 
s t r a i g h t  l i n e  was s e le c te d  f o r  a l l  th e  RW sam ples o f  Phase I I .  A 
h o r iz o n ta l  l i n e  th ro u g h  th e  mean was used  f o r  th e  d e n s i ty  d a t a .  (In  
th e o ry  th e  d e n s i ty  v a lu e s  a r e  expec ted  to  in c re a s e  w ith  t im e .)  P lo t s  
o f th e  r e s i d u a l s  su g g es ted  an a p p r o p r ia te  f i t  (N e te r and W asserman,
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1974).
As m en tioned  above , th e  c u r v e - f i t t i n g  p ro c e d u re  « a s  s l i g h t l y  d i f ­
f e r e n t  f o r  P hase  X sam p les . The sam ples were f i r s t  f i t t e d  w ith  a  l e a s t  
sq u a re s  s t r a i g h t  l i n e ;  th e n  a  n e g a t iv e  e x p o n e n t ia l  c u rv e  was f i t t e d  to
th o s e  sam ples f o r  w hich a  g ra p h  o f  th e  r e s i d u a l s  in d ic a te d  a  c u r v i l i n e a r  
f i t .  I f  t h e  s lo p e  was p o s i t i v e ,  an  h o r iz o n ta l  s t r a i g h t  l i n e  was u s e d .
(RW d a ta  i s  ex p ec ted  to  d e c re a s e  w ith  t im e .)
S t a t i s t i c a l  C h a r a c t e r i s t i c s
B ecause s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  sam ples v a ry ,  a  p rim ary  
g o a l o f  t h i s  p r o je c t  was to  s tu d y  how and when. Each sam ple r e p r e s e n t s  
a tim e  s e r i e s  (RW v a lu e s  f o r  a  number o f  y e a r s ) .  The m ost d e s i r a b l e  
tim e  s e r i e s  a s s o c ia te d  w ith  d e n d ro c lim a to lo g y  s tu d ie s  a r e  th o s e  w ith  
th e  lo w e s t f i r s t  o rd e r  a u to c o r r e la t io n  (AOTCORR), th e  h ig h e s t  MN SENS, 
and th e  h ig h e s t  mean c o r r e l a t i o n  betw een sam ples ( F r i t t s ,  1976).
The AUTCORR i s  o b ta in e d  by c o r r e l a t i n g  th e  f i r s t  y e a r 's  g row th  in  
a  s e r i e s  w ith  th e  second y e a r 's  g row th  in  th e  same s e r i e s ,  th e  second 
w ith  th e  t h i r d ,  and so on f o r  th e  e n t i r e  s e r i e s .  A h ig h  AUTCORR in d i ­
c a t e s  t h a t  r in g  g row th  f o r  a  y ea r i s  h ig h ly  d ependen t on th e  p re c e e d -  
in g  y e a r ' s g row th .
MN SENS (msx ) i s  a  s t a t i s t i c  c r e a te d  e s p e c i a l l y  f o r  t r e e  r in g  
a n a l y s i s .  The fo rm u la  fo llo w s :
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where msx =* mean s e n s i t i v i t y  f o r  th e  number o f w id th s  sam pled 
n = number o f  y e a rs
xt  = a a  in d iv id u a l  y e a r 's  w id th
The d i f f e r e n c e s  between two a d ja c e n t  r i n g s  a r e  p r o p o r t io n a l  to  th e
a v e ra g e  o f  th e  two w id th s . V alues ran g e  from  0 (no d i f f e r e n c e )  to  2
(z e ro  v a lu e  o c c u rs  n e x t to  a  n o n - z e r o ) . MN SENS p ro v id e s  a  m easure  o f
y e a r - to - y e a r  v a r i a t i o n  in  RW w ith  an  em phasis on th e  v a r i a t i o n  in  
narrow  r in g s .  S h o rt term  changes (o r  h ig h  fre q u e n c y  v a r i a t i o n s )  in
c l im a te  l a r g e ly  in f lu e n c e  MN SENS ( F r i t t s ,  1976); th u s ,  i t  i s  w e ll
s u i te d  to  th e  a n a ly s i s  o f  s i t e  ch an g es .
H igh ly  c o r r e l a te d  sam ples su g g e s t t h a t  "common in fo rm a tio n "  i s  
a v a i l a b l e .  Many sam ples, how ever, w hich e x h ib i t  good c r o s s d a t in g ,  
y ie ld  v e ry  low  o r  even n e g a t iv e  c o r r e l a t i o n s  (La M arche, 1974 b ) .
An ANOVA In c lu d ed  In  th e  INDXA program , w hich h as  been d es ig n ed  
f o r  t r e e  r in g  a n a l y s i s ,  a n a ly z e s  th e  r e l a t i v e  im p o rtan ce  o f  th e  
so u rc e s  o f v a r i a t i o n .  The t r e e  r in g  ANOVA i s  d e s c r ib e d  w ith  an 
exam ple in  F r i t t s  (1 9 7 6 ); a  g e n e ra l  s t a t i s t i c a l  tr e a tm e n t i s  found in  
N e te r  and Wasserman (1 9 7 4 ). The p rim ary  u s e  o f  th e  t r e e  r in g  ANOVA 
i s  n o t to  perfo rm  an  F - t e s t ,  bu t r a t h e r  to  c o n t r a s t  th e  s iz e  o f  th e  
v a r ia n c e  com ponents. V arian c e  com ponents a r e  c a lc u la te d  f o r  a l l  f a c t o r s  
w hich  in c lu d e  th e  ch ro n o lo g y  ( y e a r s ) .  The r e l a t i v e  im p o rtan ce  o f  th e  
so u rc e s  o f  v a r i a t i o n  in  th e  ch ro n o lo g y  ( i . e .  y e a r ,  c o r e ,  t r e e ,  o r  s i t e )  
a r e  a s s e s s e d .
C hap ter 3
STUDY OF ANATOMICAL AND STATISTICAL VARIATION 
AMONG SAMPLES WITHIN A TREE
In tro d u c t io n
A p i l o t  p r o je c t  was conducted  to  d e te rm in e  th e  ty p e  and number o f 
sam ples to  be e x t ra c te d  from  each  t r e e .  B a ld c y p re ss  grow ing In  w ate r 
I s  sw o llen  a t  th e  b a se , in  many in s ta n c e s  d e e p ly  fu rro w e d . T here i s  
some I n d ic a t io n  in  th e  l i t e r a t u r e  t h a t  sam ples from  th e  fu rro w  d i f f e r  
from  th o s e  o f  th e  lo b e  (Bow ers, 19 7 3 ). C a rd in a l d i r e c t i o n  i s  n o t 
u s u a l ly  a  m ajor c o n c e rn , because  d i f f e r e n c e s  in  c h ro n o lo g ie s ,  caused  
by th e  c o re  s o u rc e , have h i s t o r i c a l l y  been m o s tly  n e g l ig ib l e  ( F r i t t s ,  
1976 ). However, Howe (1968) a t t r i b u t e d  d i f f e r e n c e s  in  th e  w id th  o f 
th e  g row th  r i n g ,  t o t a l  number o f  t r a c h e id s ,  p e rc e n t la tew o o d , and 
s p e c i f i c  g r a v i ty  to  c a r d in a l  d i r e c t i o n  o f  s a m p l e s  from  P onderosa  p in e  
(P in u s  ponderosa  v a r .  ponderosa  Laws) grow ing in  n o r th e a s te r n  W ashing­
to n .  A s i g n i f i c a n t  d i f f e r e n c e  was m easured between th e  n o r th  and e a s t  
sam ples. When increm en t c o re s  a r e  u sed  w ith  r e g r e s s io n  e q u a t io n s  in  
p r o d u c t iv i ty  s tu d ie s ,  and when co m parisons o f s p e c i f i c  g r a v i ty  a r e  
made, com pass d i r e c t i o n  may prove im p o r ta n t . W a lte rs  and Bruckmann 
(1965) found th a t  mean sample s p e c i f i c  g r a v i ty  f o r  so u th  s id e  b o rin g s  
was s l i g h t l y  h ig h e r  th a n  f o r  n o r th  s id e  sam ples. The d i f f e r e n c e s  no ted  
by Howe (1968) in  s e p c i f i c  g r a v i ty  and p e rc e n ta g e  la tew o o d , a s  w e ll a s  
th e  f in d in g s  o f  W a lte rs  and Bruckmann (1 9 6 5 ), cou ld  p rove im p o rtan t
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In  x - r a y  d e n s ito m e try  s tu d ie s .
When lo b e  o r  fu rro w  and c a r d in a l  d i r e c t i o n  a r e  c o n s id e re d , th e r e  
a r e  e ig h t  p o s s ib le  sam ples f o r  eac h  t r e e :  1 ) lo b e  n o r th ,  2 ) lo b e  so u th ,
3 ) lo b e  e a s t ,  4) lo b e  w e s t, 5) fu rro w  n o r th ,  6 ) fu rro w  so u th , 7) f u r ­
row e a s t ,  8 ) fu rro w  w es t. E ig h t c o r e s  w ere e x t r a c te d  from  f i v e  t r e e s  
in  a  homogeneous m ic r o s i te  o f  a  h e te ro g en eo u s  swamp to  m axim ize any 
d i f f e r e n c e s  among sam ples w ith in  a  t r e e .  H y p o th e t ic a l ly ,  th e  t r e e s  
sam pled a r e  n o t id e a l  f o r  a  d e n d ro c l im a tic  s tu d y  b ecause  th e y  a r e  
young (ab o u t 60 y e a rs )  and have a  h i s to r y  o f d is tu rb a n c e  by impound­
m ent. B u t, th e y  a r e  grow ing on an  a r e a  o f  i n t e r e s t  in  th e  p re s e n t  
d e n d ro e c o lo g ic a l s tu d y  and a r e  h e a l th y  stem s o f un ifo rm  s iz e ,  age  and 
crow n.
R e s u l ts
A natom ical F e a tu r e s . Sample q u a l i t y  i s  d iv id e d  in to  an a to m ic a l 
and s t a t i s t i c a l  c h a r a c t e r i s t i c s .  A natom ical f e a t u r e s  w hich ca u se  
p rob lem s in  a n a ly s i s  in c lu d e :  a p p a re n t sh ak es , f a l s e  r i n g s ,  l o c a l l y
m iss in g  a n d /o r  m erging r i n g s ,  p rom inen t r e s in o u s  bands, and s in u o s i ty  
i . e .  i r r e g u l a r i t y  o f  r in g  o u t l i n e  and mean r in g  w id th . These f e a t u r e s  
can  a f f e c t  th e  a c c u ra c y  o f r in g  w id th  m easurem ents, can  se rv e  a s  p o in ts  
o f  w eakness ( r in g  sh ak es) when th e  sam ples a r e  m achined to  l e s s  th a n  a 
m i l l im e te r  t h i c k ,  and can  g iv e  e rro n e o u s  d e n s i ty  r e a d in g s .  A d i s ­
c u s s io n  o f  a n a to m ic a l f e a t u r e s  fo l lo w s .  T ab le  2 sum m arizes t h i s  d i s ­
c u s s io n ,  a s  i t  r e l a t e s  to  th e  sam pling  reg im en . ANOVA was used  to  
t e s t  f o r  d i f f e r e n c e s  in  t r e e s ,  th e  e ig h t  c o re  ty p e s ,  c a r d in a l  d i r e c ­
t i o n ,  and s u r fa c e  (w hether lo b e  o r  fu rro w ) f o r  eac h  a n a to m ic a l f e a t u r e .
T ab le  2 . R e su lts  o f  th e  s tu d y  o f  s ix  a n a to m ic a l f e a t u r e s  on e ig h t  
c o re  ty p e s  from  b a ld c y p re s s .
A natom ical
F e a tu re
Core Type 
R e s u lts
T ree  S e le c t io n  
R e s u lts
A pparent Number 
o f Ring Shakes
F a ls e  R ings
M issing /M erg ing
Rings
R esinous Bands
S in u o s i ty
Mean Ring W idth
T h is  c h a r a c te r  does n o t 
ap p ea r to  be m o d ified  
by c o re  ty p e .
A g r e a t e r  number w ere 
found on lo b e  sam ples.
A g r e a t e r  number o c ­
c u rre d  on fu rro w  sam­
p le s  w ith  th e  g r e a t e s t  
number o c c u rr in g  in  
fu rro w  sam ples tak en  
on th e  so u th  s id e  o f 
th e  t r e e .
No s i g n i f i c a n t  d i f ­
f e re n c e  in  t h i s  
c h a r a c te r  among c o re  
ty p e s  a l th o u g h  south , 
sam ples acc o u n ted  f o r  
tw ic e  a s  many bands a s  
any o th e r .
Furrow sam ples a r e  much 
h a rd e r  to  re a d  and 
m easu re .
No s i g n i f i c a n t  d i f f e r e n c e  
in  t h i s  c h a r a c te r  among 
c o re  ty p e s .
S i t e  sh o u ld  be r e v i s i t e d  
and p e ru se d  f o r  d i f ­
f e r e n c e s  betw een th e  
l o c a l  a r e a  o f  t r e e s  1 
and 2 v e r s u s  t r e e s  3 , 4 
and 5 .
No d i f f e r e n c e s  w ere 
found among th e  f i v e  
t r e e s  sam pled f o r  t h i s  
c h a r a c t e r .
The g r e a t e s t  number 
w ere found in  t r e e  4 . 
Three tim es  a s  many 
w ere found in  t r e e s  1 ,
4 and 3 a s  in  t r e e s  2 
and 3 .
No s i g n i f i c a n t  d i f ­
fe re n c e  among th e  f i v e  
t r e e s  sam pled , how ever, 
some in d i c a t i o n  th a t  
more r e s in o u s  bands in  
t r e e s  1  and 2  when com­
p a red  w ith  3 , 4 and 5 .
D ata s u g g e s ts  t h a t  d i f ­
f e re n c e  in  mean r in g  
w id th  among compass d i ­
r e c t i o n s  w i l l  d i f f e r  
among t r e e s .
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A pparent Ring S h ak es . S e p a ra t io n s  o£ th e  wood in  s ta n d in g  t r e e s  
in  th e  p la n e  o f  g row th  in c rem en t a r e  c a l le d  r in g  sh a k e s . (The ad ­
j e c t i v e  " a p p a re n t"  i s  u sed  h e re  a s  i t  i s  im p o ss ib le  to  d i s t i n g u i s h  
betw een r in g  sh ak es  and b re a k s  w hich occu r d u rin g  c o r in g .)  Such shakes
a r e  common in  b a ld c y p re s s  and l i t t l e  i s  known ab o u t why th e y  a r e
form ed. Pan sh in  and de Zeeuw (1970) su g g e s t th e y  a r e  caused  by f r o s t
damage o r  wind a c t io n .
The ANOVA com parison  o f  th e  number o f  a p p a re n t * in g  sh ak es  among 
t r e e s  proved s i g n i f i c a n t .  T re e s , 3 , 4 and 5 a r e  somewhat ^grouped on
th e  s i t e .  T h e re fo re , th e  number o f  sh ak es  f o r  t r e e s  1 and 2 w ere 
compared w ith  t r e e s  3 , 4 and 5 . T h is  com parison  a ls o  r e s u l t e d  in  
a  s i g n i f i c a n t  F v a lu e .  A f i n a l  o r th o g o n a l com parison  was made be­
tween t r e e s  1 and 2 , because  t r e e  1 was th e  o n ly  one in  w hich th e  
n e a r e s t  b a ld c y p re s s  n e ig h b o r was g r e a t e r  th a n  two m e te rs  away. T h is
com parison  was n o n - s ig n i f i c a n t .
D if fe re n c e s  in  th e  number o f  a p p a re n t r in g  shakes depends on 
th e  t r e e  sam pled r a th e r  th a n  th e  ty p e  o f sam ple e x t r a c te d .  The d i s ­
t i n c t i o n  found betw een th e  number o f  r in g  shakes  f o r  t r e e s  1 and 2  
( le s s ) ,  i s  i n t e r e s t i n g  when compared w ith  t r e e s  3 , 4 and 5 (m ore).
A p e ru s a l  o f th e  f i e l d  n o te s  does n o t r e v e a l  a  p ro b a b le  c a u se . As 
n o ted  a b o v e , t r e e s  1 and 2 a r e  s e p a ra te d  on th e  s i t e  from  t r e e s  3 ,
4 and 5 . D i f f e r e n t i a l  stem  d e n s i ty  co u ld  be exp ec ted  to  m odify wind 
flo w  b e n e a th  th e  canopy t th e re b y  a f f e c t in g  m ic ro m e te o ro lo g ic a l f a c t o r s .
F a ls e  R in g s . O c c a s io n a lly  grow th slow s and o r c e a s e s  b e fo re  
th e  end o f  a  grow ing seaso n  , f irm in g  an in t r a - a n n u a l  band o f  s m a l le r ,
d e n se r  c e l l s .  Some f a l s e  r in g s  a r e  e a s i l y  i d e n t i f i e d ,  because  c e l l s
com posing Che f a l s e  la tew ood  g ra d e  in  s iz e  on boeh s id e s .  Ac o ch er 
t im e s  such  r i n g s  a r e  d i f f i c u l t  to  d i s t i n g u i s h  from  t r u e  r i n g s .  Some 
o f th e  p rim ary  c a u s e s  c i t e d  f o r  f a l s e  r i n g s  a r e  tem p o rary  d e f o l i a t i o n ,  
due to  l a t e  f r o s t s  o r  in s e c t  i n f e s t a t i o n ,  and re su m p tio n  o f  g row th  in  
l a t e  summer a f t e r  a  p e r io d  o f  d ro u g h t o r  u n u su a l w eather c o n d i t io n s .  
When lo b e  sam ples w ere compared w ith  fu rro w  sam ples, th e  r e s u l t s  proved 
s i g n i f i c a n t .  The f a c t  t h a t  a g r e a t e r  number o f  f a l s e  r in g s  w ere found 
on th e  lo b e  sam ples -  w hich have a  g r e a t e r  a v e ra g e  RW th a n  fu rro w  
sam ples -  seems l o g i c a l ,  b ecause  an a u x in  g r a d ie n t  fa v o r in g  th e  resum p­
t io n  o f  th e  fo rm a tio n  o f  l a r g e  earlyw ood ty p e  c e l l s  i s  n e c e s s a ry  to  
p roduce  a  f a l s e  r i n g .  I  would ex p e c t t h i s  c o n d i t io n  to  o ccu r in  an 
a re a  o f  g r e a t e r  r a d i a l  g row th .
L o c a lly  M issing  a n d /o r  M erging R in g s . Not in f r e q u e n t ly  th e  cam­
bium rem a in s  dorm ant a t  one o r  more p o in ts  d u rin g  a  grow ing seaso n .
As a r e s u l t  no g row th  r in g  i s  form ed a t  th e  p o in t .  Such d is c o n tin u o u s  
r in g s  can  r e s u l t  in  a  r in g  w hich i s  l o c a l l y  m erging i . e .  e v id e n t on 
o n ly  a  p o r t io n  o f  th e  sam ple a s  i t  m erges in to  th e  la tew ood  o f th e  
p re c e e d in g  r i n g .  N u t r i t io n a l  and lo c a l  a u x in  su p p ly  t h e o r i e s  e x p la in  
t h i s  c o n d i t io n  (P an sh in  and de  Zeeuw, 197 0 ) .
A ll e ig h t  c o re  ty p e s  in c lu d ed  l o c a l l y  m erging  r in g s ;  tw ic e  a s  many 
m erg e rs  o c c u rre d  on fu rro w  sam ples a s  on lo b e .  L o c a lly  m iss in g  r i n g s  
w ere in d ic a te d  d u rin g  c r o s s d a t in g  on a l l  fu rro w  sam ples, w h ile  none 
appeared  on lo b e  sam ples.
The s e p a ra t io n  o f  th e s e  two c h a r a c te r s  i s  somewhat a r t i f i c i a l  
because  a  l o c a l l y  m erging r in g  i s  l o c a l ly  m iss in g  on p a r t  o f  th e  
sam ple. Had th e  sample been ta k e n  a f r a c t io n  o f  a d e g re e  to  th e  l e f t
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o r r i g h t ,  a  l o c a l l y  m erging  r in g  m igh t ap p ea r m is s in g .  T h e re fo re ,  th e  
two c h a r a c te r s  w ere poo led  f o r  th e  ANOVA.. When a l l  e ig h t  c o re  ty p e s  
w ere com pared, no s i g n i f i c a n t  d i f f e r e n c e  was m easu red . Y e t, a  s i g n i ­
f i c a n t  d i f f e r e n c e  was found when fu rro w  sam ples w ere compared to  lo b e  
sam ples. T hree t im e s  a s  many l o c a l l y  m iss in g /m e rg in g  r i n g s  w ere r e ­
co rded  f o r  fu rro w  sam ples. The t e s t  r e s u l t s  f o r  d i f f e r e n c e s  among a l l  
fu rro w  sam ples was s i g n i f i c a n t .  Sam ples from th e  s o u th  fu rro w s  ex­
h ib i te d  th e  g r e a t e s t  number o f  m iss in g /m e rg in g  r i n g s .  The t e s t  was 
n o t s ig n i f i c a n t  f o r  c a r d in a l  d i r e c t i o n  o f  a l l  e ig h t  c o re  ty p e s .
A gain , th e  r e s u l t s  ap p e a r r e a s o n a b le .  The l a r g e s t  number o f 
m iss in g /m erg in g  r i n g s  o ccu r on th e  fu rro w  sam ples w hich have sm a lle r  
av e ra g e  RW. The f a c t  t h a t  a  s i g n i f i c a n t l y  g r e a te r  number o f  m is s in g / 
m erging r i n g s  o c c u rs  on th e  s o u th  fu rro w  i s  i n t r i g u in g .  F u r th e r  
s tu d ie s  (beyond th e  scope o f  t h i s  one) co u ld  y ie ld  a  h e a t b u d g e t-a u x in  
g r a d ie n t  i n t e r a c t i o n  h y p o th e s is .
The d a ta  f o r  in d iv id u a l  t r e e s  d id  n o t  p roduce  a  s i g n i f i c a n t  d i f ­
fe re n c e  among t r e e s  in  th e  number o f  m iss in g /m erg in g  r i n g s .  No s ig ­
n i f i c a n t  d i f f e r e n c e  in  th e  number o f  m iss in g /m erg in g  r i n g s  was 
e s ta b l is h e d  when t r e e s  1 and 2 were compared w ith  t r e e s  3 , 4 and 5.
Prom inent R esin o u s B ands. R esin o u s bands a s s o c ia te d  w ith  i n t r a -  
s e a so n a l d is tu r b a n c e  in  g ro w th , p e rh a p s  caused  by s o i l - m o is tu r e  f l u c -  
t u t a t i o n s ,  a r e  commonly p r e s e n t  in  c r o s s  s e c t io n s  o f  b a ld c y p re s s  
(B e a u fa it  and N elso n , 1957). The a d je c t iv e  "p ro m in en t"  i n d i c a te s  th o se  
bands w hich m igh t be i d e n t i f i e d  m is ta k e n ly  a s  f a l s e  r in g s  u n le s s  
m ag n ified  a t  l e a s t  20X. A ll  th e  r e s in o u s  bands o f  th e  sam ples were n o t 
docum ented. R e a d ily  v i s i b l e  to  th e  naked eye b ecau se  o f  t h e i r  r e s in o u s
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c o n te n ts ,  parenchym a c e l l s  a r e  abundan t in  ev e ry  g row th  r in g  o f  
b a ld c y p re s s  (Brown and P a n sh in , 1934).
None o f  th e  ANOVA r e s u l t s  was s i g n i f i c a n t .  A lthough  a  t e s t  to  . 
I n v e s t i g a te  th e  v a r i a t i o n  in  th e  number o f  p rom inen t r e s in o u s  bands 
among t r e e s  d id  n o t r e v e a l  a  s ig n i f i c a n t  d i f f e r e n c e  among t r e e s ,  o r  
betw een t r e e s  1 and 2 when compared w ith  t r e e s  3 , 4 and 5 , th e  mean f o r  
t r e e s  1 and 2 was more th a n  e ig h t  tim e s  t h a t  o f t r e e s  3 , 4 and 5; t h i s  
r a t i o  a ls o  s u g g e s ts  s p a t i a l  h e te ro g e n e i ty  ( s e e  Ring S h a k e s ) .
S in u o s i ty . Two ty p e s  o f s in u o s i ty  a r e  e v id e n t .  Wide r i n g s  a r e  
f r e q u e n t ly  v a r i a b l e  in  th ic k n e s s  b ecau se  th e  r in g s  a r e  s in u a te  in  con­
to u r .  In  a d d i t io n  th e  r i n g s  merge tow ard th e  fu rro w s ; w ith in  th e  
fu rro w  re g io n  th e y  become q u i t e  wavy. The r i n g s  o f  fu rro w  sam ples a r e  
h a rd e r  to  d i s t i n g u i s h  and m easure th a n  lo b e  sam p les.
Mean Ring W id th . In  w es te rn  d e n d ro c l im a to lo g ic a l  s tu d ie s  mean RW 
i s  Im p o rtan t because  n arro w  r in g s  a r e  more re s p o n s iv e  to  e n v iro n m en ta l 
changes th a n  w ide r i n g s .  P roblem s a r i s e  in  th e  i n t e r p r e t a t i o n  o f  t h i s  
p a ra m e te r . Growth r i n g s  a r e  n arro w er in  crowded t r e e s  g e n e r a l ly  be­
c a u se  o f  sm a lle r  crow ns. A l a r g e r  number o f  m iss in g  r i n g s  w i l l  o ccu r 
and can  i n h i b i t  c r o s s d a t in g .  T h is  p aram ete r m ust be c o n s id e re d  in  con­
ju n c t io n  w ith  MN SENS and number o f  m iss in g /m erg in g  r i n g s .  The g o a ls  
o f th e  p r o je c t  -  w hether m a cro c lim a te  o r  s i t e  in fo rm a tio n  i s  sought -  
a l s o  a r e  c o n s id e re d . Zones o f  ex tre m e ly  narrow  r in g s  in  c y p re s s  have 
been h ig h ly  c o r r e l a t e d  w ith  "p o o r"  r i n g s  ( i . e .  many co u ld  r e p r e s e n t  
f a l s e  r in g s )  (D uever, 1981).
The d i f f e r e n c e s  in  com pass d i r e c t i o n  f o r  mean RW w ere n o t s i g n i ­
f i c a n t  and th e  means f o r  com pass d i r e c t i o n  su g g es t th a t  th e  d i f f e r e n c e s
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in  mean RW among com pass d i r e c t i o n s  w i l l  d i f f e r  among t r e e s .
S t a t i s t i c a l  C h a r a c t e r i s t i c s .  Ring W idths (RW). The mean (MN), 
s ta n d a rd  d e v ia t io n  (SD ), AUTCORR, and MN SENS w ere c a lc u la te d  f o r  th e  
sev en te en  y e a r  span (1957-73) common to  a l l  f o r t y  sam ples ( s e e  T ab le 
3 ) .  No s ig n i f i c a n t  d i f f e r e n c e  was found betw een lo b e  and fu rro w  
sam ples f o r  MN SENS, AUTCORR, and mean c o r r e l a t i o n  w ith in  t r e e s .
MN SENS a r e  c h a r a c t e r i s t i c a l l y  h ig h  in  b a ld c y p re s s  (B ow ers, 1973 and 
S ta h le ,  197 9 ) . AUTCORR v a lu e s  ran g e  from  - .3 7  to  .8 3 , bu t when th e  
mean AUTCORR p er t r e e  i s  c a l c u la te d ,  th e  v a lu e s  a r e  v e ry  s im i la r  
( .1 8  to  .23 ) f o r  fo u r  o f  th e  f i v e  t r e e s .  A ll  p o s s ib le  c o r r e l a t i o n s  
betw een sam ples w ith in  t r e e s  w ere a l s o  computed (T ab le  4 ) .
A 4 X 2 X 17 f a c t o r i a l  a rran g em en t w ith  f i v e  t r e e s  ANOVA was con­
d u c ted  u s in g  th e  GLM com puter p ro c e d u re  o f  SAS. The ANOVA summary i s  
shown In  T ab le  5 . Compass x s u r fa c e  x y e a r  in t e r a c t io n  i s  n o t s ig ­
n i f i c a n t .  T h e re fo re , i t  can  be assumed th a t  one ty p e  o f  sam ple’ s 
e f f e c t  ( s u r f a c e  v s .  com pass) on th e  y e a r ly  v a lu e  i s  n o t dependen t on 
th e  o th e r .  However, t r e e  x s u r fa c e  x y e a r  and t r e e  x com pass x y ea r 
i n t e r a c t i o n s  a r e  h ig h ly  s i g n i f i c a n t .  Thus, i n t e r a c t i o n s  betw een t r e e  
and c o re  ty p e  ( e i t h e r  s u r fa c e  o r  com pass) d i f f e r s  d ep en d en t on th e  
y e a r .
I n d ic e s . The In d ic e s  f o r  each  sam ple w ere an a ly zed  w ith  th e  t r e e  
r in g  ANOVA (d e s c r ib e d  above) to  d e te rm in e  th e  r e l a t i v e  Im portance o f 
th e  so u rc e s  o f v a r i a t i o n  ( F r i t t s ,  1976). T ab le  6  l i s t s  th e  ANOVA 
summary and p e rc e n t v a r ia n c e  com ponents (VC) computed f o r  th e  mean 
ch ro n o lo g y  and th e  so u rc e s  w hich i n t e r a c t  w ith  i t .  The h y p o th e s is  t h a t  
th e  s i t e  sampled would n o t be c o n s id e re d  a  prim e s i t e  f o r  a  d e n d ro -
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T ab le  3 .  The m ean, s ta n d a rd  d e v ia t io n ,  mean s e n s i t i v i t y  and f i r s t  
o rd e r  a u t o c o r r e la t io n  c a lc u la te d  f o r  th e  r in g  w id th s  o f  
th e  f o r t y  sam ples o f  th e  c o re  ty p e  s tu d y ,  1957-73.
Sample Mean
S ta n d a rd  
D e v ia tio n
Mean
S e n s i t i v i t y
F i r s t  O rder 
A u to c o r r e la t io n
32-1 -1L 5 . 6 8  mm 2 .2 6 .5833 .07
32-1 -1F 5 .41 2 .7 3 .5476 - .0 6
32-1-2L 7 .05 4 .0 7 .6458 .19
3 2-1 -2 F 3 .2 0 2 .84 .8549 .45
3 1 -1 -3L 5 .13 3 .0 6 .5471 .49
32 -1 -3F 2 .2 6 1 .5 8 .7683 .41
32-1-4L 7 .0 2 3 .7 8 .5596 .25
32-1 -4F 1 .7 8 1 .5 8 .7908 - .3 7
T ree MN 4 .6 9 2 .7 4 .6622 .18
3 2 -2 -lL 6.81 4 .9 7 .6354 - . 1 1
3 2 -2 -1 F 2 .1 8 1.94 .8317 .43
32-2-2L 6 .42 3 .0 9 .5871 . 0 2
32-2 -2F 1 .0 6 .51 .6026 - .0 9
32-2 -3L 3 .9 3 2 .0 9 .5013 . 2 2
32-2 -3F 3 .0 9 2 .24 .6355 .40
32-2-4L 5 .2 6 3 .3 1 .5988 .14
32-2 -4F 4 .7 9 2 .9 2 .5044 .39
T ree MN 4 .1 9 2 .6 3 .6121 .18
3 2 -3 - lL 4 .3 6 2 .4 5 .4826 .36
3 2 -3 -1 F 3 .5 3 2 .0 3 .5749 . 2 2
32-3-2L 2 .7 7 1 .72 .8325 .41
32-3 -2F 2 .8 0 1 . 6 8 .5689 .15
32-3-3L 3 .7 4 2 . 2 0 .7153 .07
32-3-3F 2 .7 5 1 .47 .4622 .37
32-3-4L 4 .1 9 2 .2 5 .6424 - .2 4
32-3 -4F 3 .51 2.81 .5562 .49
T ree MN 3 .4 6 2 .08 .6044 .23
32-4 -1L 4 .9 2 2 . 6 8 .7084 - .1 6
3 2 -4 -1 F 1 .93 1 .5 8 .7058 .06
32-4-2L 4 .7 7 3 .5 4 .8710 - .3 0
32 -4 -2 F , .89 . 6 6 1.0517 . 2 2
32-4-3L 3 .2 0 1 .59 .6863 - .2 6
32 -4 -3F 1 . 6 6 .87 .7339 - .1 7
32-4-4L 3 .38 1.82 .5286 . 1 0
32-4 -4F 2 .0 9 1.13 .5743 .05
T ree MN 2 . 8 6 1 .7 3 .7325 - .0 6
32-5-1L 3 .0 2 2 . 2 1 1.0187 - .3 1
3 2 -5 - lF 1.71 1 .2 8 .6601 - .1 3
32-5-2L 2 .5 5 1 .9 5 .8605 - .1 8
32-5 -2F 2 . 0 2 1 .47 .7265 .28
32-5-3L 3.11 3 .3 1 .6491 .83
32 -5 -3F 2 . 6 6 2 .32 .6352 .54
32-5-4L 4 .2 3 2 .9 7 .8178 - .0 4
32-4-4F 2 .18 1 . 2 1 .6727 .52
Tree MN 2,69 2 .0 9 .7551 .19
T ab le  4 .  A ll p o s s ib le  c o r r e l a t i o n s  c a l c u la te d  betw een r in g  w id th  
sam ples w ith in  t r e e s  o f th e  c o re  ty p e  s tu d y ,  1957-73 .
2L 3L 4L IF  2F 3F 4F
■ WWW mm  ̂ ^ T ree  1
1 - 1 L l .524 .137 .574 i .244 .296 .224 .482
1-2L i - .0 0 7 .290 1 .119 .101 .416 .624
1-3L
1 .  —* .378 1 - .4 2 9  .742 .291 .1771-4L - . 1 0 0  .062 .361 .352
1 - lF - .0 8 0 - .0 4 9 .118
1-2F ,358 .075
1-3F .388
I T ree  2
2 - 1 L - .0 2 6 - .1 2 4 -.0 6 1  1 .204 - .1 1 8 .006 - . 0 2 2
2 - 2 L
1
.536 .243 | .473 - .1 7 4 .401 - .2 4 9
2-3L 1 * ■ .398 . .402 .121 .314 .198
2-4L 1 — —
1
.517 .068 - .1 6 4 .269
2-1F .009 .114 .288
2-2F .218 .420
2-3F .044
—»l T ree  3
3 - lL ' .635 .656 .353 | .066 - .1 1 3 .077 .017
3-2L i .850 .477 - .2 6 8  .114 .219 - .2 2 7
3-3L ' * .691 - .0 4 4  .327 .445 . 2 1 2
3-4L ‘---------- — — — ~  — .180 .495 .371 .572
3 - lF .563 .463 .594
3-2F .896 .660
3-3F .545
T ree  4
4-1L 1 ” .2*4 6  ~ ".250* ”  . 6 l 2 ~ l .584 .430 .023 .362
4-2L 1 . 2 0 2 .631 ' .311 . .263 .578 .452
4-3L < * .295 ' .163 .566 .465 .472
4-4L 1----- ----- .182 .577 .461 .583
4 - lF .532 .230 .522
4-2F . 2 2 2 .764
4-3F .248
T ree  5
5-1L ' ” .672 " ~ 4 2 ~ .058 - .1 4 8  .274 .185 .394
5-2L t .487 . 0 0 1 - .4 2 2  .183 .073 .350
5-3L i * .499 - .1 1 2  .251 - .1 6 5 .239
5-4L * - — — .117 .044 - .1 5 4 - .0 7 3
5 - lF .307 .239 —.246
5-2F .599 .340
5-3 F . 0 1 0
* No s i g n i f i c a n t  d i f f e r e n c e  c a lc u la te d  f o r  mean c o r r e l a t i o n  o f  lo b e
sam ples v s .  fu rro w  sam ples w ith in  t r e e s .
T able 5 . A n a ly s is  o f  v a r ia n c e  summary o f  4 X 2 X 17 f a c t o r i a l  
a rran g em en t w ith  f i v e  t r e e s  o f  raw r in g  w id th  v a lu e s .
Source d f Mean Square Fs
T ree  (.T) 4 100.16 9 .23  ***
Compass CC) 3 2 5 .1 0 2 .7 6  ns
S u rfa c e  CS1] 1 682.30 16 .98  *
Y ear CO 16 41.81 6 . 2 1  ***
T X C 1 2 9 .1 0 .34 n s
T X S 4 4 0 .19 1 .42  n s
T X Y 64 6 .73 ,97 n s
C X S 3 13.53 .56  n s
C X Y 48 4 .0 9 1 .4 9  n s
S X Y 16 11 .36 1.81 ns
T X C X Y 192 4 .9 8 2 .2 5  ***
T X C X S 1 2 2 4 .36 .69 n s
T X S X Y 64 6 . 2 1 2 .7 9  ***
C X S X Y 48 11 .65 1.31  ns
E rro r
CT X C X S X Y) 192 2 . 2 2
* -  P 4  .05 ** a  p & . 0 1 *** > p i  . 0 0 1
T ab le  6 . A n a ly s is  o f  v a r ia n c e  summary and th e  v a r ia n c e  com ponents
c a l c u la te d  f o r  
th e  so u rc e s  o f
th e  mean r in g  w id th  in d ic e s  ch ro n o lo g y  and 
v a r ia n c e  w ith  w hich i t  i n t e r a c t s .
Mean V arian ce % V ariance
Source d f Square Component* Component
T ree  CT) 4 .065
Compass ( C) 3 .104
S u rfa c e  (S) 1 .017
Y ear (Y) 16 4 .237 .087 16
T X C 1 2 .057
T X S 4 .045
T X Y 64 .542 .099 18
C X S 3 .007
C X Y 48 .299 - . 0 0 1 0
S X Y 16 .595 .006 1
T X C X S 1 2 .032
T X C X Y 192 .318 - . 0 2 0 0
T X S X Y 64 .323 - .0 0 9 0
C X S X Y 48 .279 —. 006 0
E rro r
(,T X C X S X Y) 192 .358 .358 65
♦ N egative  v a r ia n c e  com ponents a r e  r e p la c e d  by ze ro  (K irk , 1968 and 
Dunn and C la rk , 1 9 7 4 ). Components a r e  o n ly  computed f o r  th e  so u rc e s  
w hich I n t e r a c t  w ith  th e  ch rono logy  (y e a rs )  a c c o rd in g  to  th e  m ethods 
o f  F r i t t s  0 9 7 6 ) ,
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c l im a t ic  s tu d y  I s  c o r ro b o ra te d  by th e  low  VC (16%) f o r  th e  t o t a l  
ch ro n o lo g y . T h is  low  v a lu e  s u g g e s ts  th a t  th e  t r e e s  a r e  o n ly  s l i g h t l y  
l im i t e d  by m a c ro c lim a te  f a c t o r s .  On some a r id  s i t e s ,  t h i s  v a lu e  has 
been a s  h ig h  a s  80% ( F r i t t s ,  1976). However, th e  h y p o th e s is  was based 
on th e  y o u th fu ln e s s  and h i s to r y  o f  d is tu rb a n c e  on th e  s i t e .  As we 
s h a l l  see  in  th e  n e x t c h a p te r ,  o th e r  a r e a s  o f  th e  s i t e ,  a s  w e ll a s  an 
a d d i t io n a l  s i t e ,  a r e  e q u a l ly  a s  young and even more d is tu rb e d  and y e t 
have much h ig h e r  VC f o r  th e  t o t a l  ch ro n o lo g y . The c h ro n o lo g ie s  o f  th e  
c o re  c l a s s e s  a r e  n o t s ig n i f i c a n t l y  d i f f e r e n t  a s  in d ic a te d  by th e  ze ro  
VC (T ab le  6 ) .  Much g r e a t e r  v a r ia n c e  i s  acco u n ted  f o r  by th e  d i f f e r e n c e s  
in  th e  in d iv id u a l  c o re  c h ro n o lo g ie s  ( t r e e  x com pass x s u r fa c e  x y e a r ,  
65%). The s i z e  o f  t h i s  VC s u g g e s ts  t h a t  th e r e  m igh t be g r e a te r  v a r i a ­
b i l i t y  w ith in  th e  t r e e s  and t h a t  s e v e ra l  c o re s  shou ld  be ta k e n  from  a 
sm a lle r  number o f  t r e e s  r a t h e r  th a n  c o l l e c t in g  one c o re  from  many t r e e s .  
D if f e re n c e s  o f  t h i s  m agn itude f o r  in d iv id u a l  c o re  c h ro n o lo g ie s ,  w hich 
a r e  g r e a t e r  th a n  f o r  t r e e s  (18%), have been a t t r i b u t e d  to  th e  d i f f e r e n ­
t i a l  d i s t r i b u t i o n  o f  g ro w th -c o n tro l l in g  su b s ta n c e s  w ith in  th e  t r e e s  
( F r i t t s ,  19 7 6 ). I r r e g u l a r i t i e s  in  crown s iz e  and c o m p e tit io n  a r e  c i t e d  
a s  c a u s e s .  In a c c u ra te  r in g  m easurem ent can  a ls o  i n f l a t e  th e s e  d i f ­
f e r e n c e s .  The low  v a r ia n c e  o f th e  c o re  c l a s s e s  (com pass x y e a r ,  0%; 
s u r fa c e  x y e a r  1 %) in d ic a te  t h a t  th e  c h ro n o lo g ie s  do n o t c o n s i s t e n t ly  
d i f f e r  f o r  com pass d i r e c t i o n  o r  s u r f a c e .
C o n c lu sio n s
When a n a to m ic a l and s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  th e  sam ples 
a r e  c o n s id e re d , sam ples from  th e  lo b e s  a r e  th e  b e s t ty p e  f o r  t h i s  s tu d y . 
F ig . 6 d iag ram s th e  r e s u l t s .  Furrow  sam ples a r e  d i f f i c u l t  to  m easu re ,
S ite  S e le c t io n
Sample C o l le c t io n  (B c o re  ty p e u )
C ro s a d a tln g
K in g  W id th  Measurement 
( S t a t i s t i c a l  C h a ra c te r is t ic s )
Coal
M a x im iz a t io n  o f  a l l  t r e e  r a th e r  (h a d  s in g le  t re e  in fo r m a t io n  f o r  e l t e  c h a r a c t e r lz . i l Io nI
S ta n d a rd is a t io n  
C urves F i t t e d  to  In d iv id u a l Samples and In d ic e s  D e riv e d
V a ria n c e  Components o f  In d ic e s  In d ic a te  Same C hrono logy  T hroughout T ree  Stem
Lobe Samples v s .  F urrow  Samples
S t a t i s t i c a l  Q u a l i t y  o f  Samples
Lowest H ig h e s t H ig h e s t 1
F i r s t  O rde r Hean Hean C o r r e la t io n
A u io c o r r e la t io n S e n s i t iv i t y Between Samples| | U i t l j i n  T reesi
Lobe nsi
i
Lobe ns Lobe ns
»
S o u t h  ns South na
1
South
W i l t N o rth L a s t
West West West
Eafat Cast N o r ih
H ighes t
S tanda rd  D e v ia t io n
S m a lle s t S m a lle s t 
Hean Number S ln u o s ltv
K in g  W id th  F a ls e  K in g s
A n a tom ica l F e a tu re s  o f  Samples r —
Least S m a lle s t S m a lle s t
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H is s in g /M e rg in g  R esinous Bands
Lobe Lobe* No D if fe re n c e
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S a a lle s t
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Figure 6 . Summary o f r e s u l t s  o f co re  type study .
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have a  s i g n i f i c a n t l y  h ig h e r  number o f  m iss in g /m e rg in g  r i n g s ,  and t h e i r  
s t a t i s t i c a l  c h a r a c t e r i s t i c s  a r e  n o t s u p e r io r  to  th o s e  o f  lo b e  sam p les.
A ll p o s s ib le  p a i r in g  o f  th e  a n a to m ic a l f e a t u r e s  w ere com pared.
No s ig n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  w ere c a l c u la t e d .  Thus, a  l a r g e  
number o f  f a l s e  r in g s  d o es  n o t ap p ea r to  be c o r r e l a te d  (n e g a t iv e ly  o f 
p o s i t i v e ly )  w ith  th e  o c c u rre n c e  o f a  l a r g e  number o f  m iss in g /m erg in g  
r i n g s ,  o r  p rom inen t r e s in o u s  bands.
Compared w ith  th o s e  f o r  th e  fu rro w s  ( .1 9 3 ) ,  th e  low er AUTCORR ob­
ta in e d  f o r  th e  lo b e  in d ic e s  ( .0 6 1 ) ,  a l th o u g h  n o t s i g n i f i c a n t ,  i s  
s u r p r is in g  due to  e a r l i e r  work (Bowers, 1973) w ith  th e  s p e c ie s  in  
A rkansas and w est T ennessee  in  w hich th e  r e v e r s e  tr e n d  was s t a t i s ­
t i c a l l y  s i g n i f i c a n t .
A lthough  th e  sam ples a r e  n o t s i g n i f i c a n t l y  d i f f e r e n t ,  th e r e  i s  
some in d ic a t io n  t h a t  so u th , e a s t ,  and w est lo b e  sam ples a r e  p r e f e r a b le  
to  n o r th  lo b e s .  N o rth  sam ples a r e  more p o o rly  c o r r e l a t e d  w ith  th e  
o th e r  sam ples from  th e  3ame t r e e  and have th e  l a r g e s t  mean r in g  w id th ; 
f u r t h e r ,  so u th  lo b e s  should  be avo ided  in  x - r a y  d e n s ito m e try  s tu d ie s  
i f  th e  sam ples a r e  n o t c h e m ic a lly  e x t r a c te d .  Sou th  sam ples acco u n ted  
f o r  tw ic e  a s  many r e s in o u s  bands a s  o th e r  sam ples w hich a g re e s  w ith  
W a lte rs  and B ruckm ann's (1965) r e s u l t s .  They found t h a t  mean s p e c i f i c  
g r a v i ty  fo r  s o u th - s id e  b o rin g s  o f  cottonw ood (P op u lu s  d e l to id e s  B a r t r . )  
was s l i g h t l y  h ig h e r  th a n  n o r th - s id e  sam ples.
I  do n o t b e l ie v e  t h a t  th e  la r g e  VC f o r  in d iv id u a l  c o re  ch ro n o lo ­
g ie s  was due to  in a c c u ra te  r in g  m easurem ents. C are was ta k e n  to  r e ­
duce t h i s  so u rc e  o f e r r o r .  R epeated  m easurem ents were made on ev e ry  
f o u r th  c o re  and ah e r r o r  te rm  c a l c u la te d .  I f  th e  e r r o r  te rm  exceeded
.1 0  mm, th e  l e v e l  recommended by th e  U .S . G e o lo g ic a l Survey T ree-R ing  
Lab ( F r i t t s ,  1 9 7 6 ), th e  fo u r  sam ples w ere re -m e a su re d . The VC f o r  th e  
h e te ro g e n e o u s  s i t e s  o f  t h e  o v e r a l l  p r o je c t  (C h ap te r 4) a l s o  show th a t  a 
g r e a t  amount o f  th e  v a r ia n c e  i s  due to  d i f f e r e n c e s  among th e  c o re  
c h ro n o lo g ie s  w ith in  t r e e s .  A d i f f e r e n t  m easu ring  d e v ic e  was u se d .
Thus, i t  i s  h ig h ly  im probab le  t h a t  th e  la rg e  VC found f o r  th e  c o re  
c h ro n o lo g ie s  i s  due to  m easu rin g  e r r o r .
I t  h as  been p o s tu la te d  t h a t  a  VC f o r  c o re  c h ro n o lo g ie s  l a r g e r  
th a n  th a t  f o r  t r e e s  i s  a t t r i b u t a b l e  to  d i f f e r e n c e s  w ith in  t r e e s  ( F r i t t s ,  
1976 ). T here i s  no way o f t e s t i n g  t h i s  p o s tu la t io n  because  th e r e  i s  no 
e s t im a te  o f  th e  random e r r o r  v a r ia n c e  in  th e  ANOVA model u s e d . The 
s i z e  o f  th e  VC i s  i n t e r p r e t a b l e  a s  m eaning t h a t  th e  t r e e  x c o re  
i n t e r a c t i o n  d i f f e r s  depend ing  on y e a r ,  o r  t r e e  x y e a r ,  depend ing  on 
c o re ,  o r  c o re  x y e a r  d epend ing  on t r e e .  ANOVA r e g u i r e s  two o r  more 
c o r e s ,  th e  s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  th e  sam ples su g g e s t g r e a t  
v a r i a b i l i t y  w ith in  t r e e s  (T a b le s  3 and 4 ) ;  a l s o ,  i t  i s  much more e f ­
f i c i e n t  in  swamp sam pling  to  c o l l e c t  s e v e ra l  c o re s  from  a  s in g le  t r e e  
th a n  to  "muck aro u n d "  to  a  l a r g e r  number o f t r e e s .  T h e re fo re , more 
th a n  one c o re  i s  sampled f o r  each  t r e e  in  Phase I I .
The ANOVA r e s u l t s  f o r  th e  lo b e  in d ic e s  o n ly  ap p ea r in  T ab le 7 .
The VC o f T ab le  7 a r e  used  to  c o n s t r u c t  T ab le  8 . T ab le  8  shows th e  
mean s ta n d a rd  e r r o r  o f  e s t im a te s  (SEy) f o r  v a r io u s  num bers o f  t r e e s  and 
c o re s  u s in g  th e  VC c a lc u la te d  f o r  t r e e  x y e a r  ( .0 4 2 )  and t r e e  x 
com pass x y e a r  ( .3 2 1 ) .  The v a r ia n c e  o f  th e  sam ple mean f o r  y e a r 
ch an g es  w ith  v a ry in g  num bers o f  t r e e s  and c o r e s .  The fo rm u la  used  i s  
a s  fo l lo w s :
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T ab le  7 . A n a ly s is  o f  v a r ia n c e  summary and v a r ia n c e  com ponents c a l ­
c u la te d  f o r  th e  m ean In d ic e s  ch ro n o lo g y  and th e  so u rc e s  o f  
'v a r ia n c e  w ith, which. I t  I n t e r a c t s  f o r  lo b e  sam ples o n ly .





% V arian ce  
Components
T ree  CT) 4 .09
Compass- CC) 3 .08
Y ear Of) 16 1 .7 9 .061 14
T X C 1 2 .08
T X Y 64 .49 .042 1 0
C X Y 48 .24 - . 0 1 1 0
E rro r
(T X C X Y) 192 .32 .321 76
* N eg a tiv e  v a r ia n c e  com ponents a r e  r e p la c e d  by z e ro  (K irk , 1968 and 
Dunn and C la rk , 1974) . Components a r e  o n ly  computed f o r  th e  . 
s o u rc e s  w hich  I n t e r a c t  w ith  th e  ch ro n o lo g y  (y e a rs )  a c c o rd in g  to  
th e  m ethods o f  F r i t t s  (1976) .
T ab le  8 . C a lc u la te d  mean s ta n d a rd  e r r o r  o f  e s t im a te s  f o r  v a r io u s  
num bers o f  t r e e s  and c o re s  u s in g  lo b e  in d ic e s  d a ta .
tmber Number o f c o re s  p e r t r e e
! t r e e s 1 2 3 4
5 .270 . 2 0 1 .173 .157
6 .246 .184 .158 .143
7 .228 .171 .146 .133
8 .213 .159 .137 .124
9 . 2 0 1 .150 .129 .117
1 0 .191 ,142 . 1 2 2 , 1 1 1
1 1 .182 .136 ,117 .106
1 2 .174 .130 . 1 1 2 . 1 0 1
13 .167 .125 .107 .097
14 .161 . 1 2 1 .104 .094
15 .156 .116 .099 .091
16 .151 ,113 .097 .088
17 .146 .109 .094 .085
18 .142 .106 .091 .083
19 .138 .103 .089 .081
2 0 .135 . 1 0 1 .086 .078
30 . 1 1 0 .082 .071 .064
40 .095 .071 .061 .055
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{ VC (TY) VC (TC Y )\ ^
“ y - V ,  t  + c t  ;
where t  ■ number o f  t r e e s
c “  number o f  c o re s  p e r  t r e e  
Four c o r e s  from  t h i r t e e n  t r e e s  re d u c e s  th e  SEy to  a  l e v e l  a t  which 
o n ly  a  c o n s id e ra b le  number o f a d d i t io n a l  sam ples can  re d u c e  i t  f u r t h e r .
T ab le  8  was c o n s tru c te d  to  c a l c u l a t e  th e  e r r o r  in  sam ples o f 
v a ry in g  s i z e s  an d , th e re b y  to  a id  in  th e  d e te rm in a tio n  o f  th e  sam ple 
s iz e  needed f o r  P hase  I I  o f  the s tu d y . However, a  f a l l a c y  e x i s t s  in  
th e  u s e  o f  t h i s  T ab le . The c o re  ty p e  s tu d y  was d e s ig n ed  f o r  c o re  ty p e  
s e le c t io n ;  so u n ifo rm  t r e e s  in  a  f a i r l y  u n ifo rm  m ic r o s i te  w ith in  an 
a r e a  w ere s e le c te d .  The r e s u l t s  in d i c a te  no d i f f e r e n c e  among th e  
c h ro n o lo g ie s  f o r  d i f f e r e n t  c o re  ty p e s  w ith in  a  t r e e .  A g r e a t  p o r t io n  
o f  th e  v a r i a b i l i t y  a p p e a rs  w ith in  t r e e s  r a th e r  th a n  p r im a r i ly  among 
t r e e s .  The i n i t i a l  a ssu m p tio n  by th e  in v e s t ig a t o r  th a t  she was sam pling 
in  a  homogeneous m ic r o s i te  i s  su p p o r te d . The a r e a s  s tu d ie d  in  th e  
o v e r a l l  p r o je c t  ap p e a r e x tre m e ly  h e te ro g e n e o u s . H e re in , l i e s  th e  
dilem m a. For exam ple, th e  n a t u r a l  f lo o d in g  a r e a  I s  d iv id e d  in to  t h r e e  
m ic r o s i t e s :  1) le v e e ,  2) main swamp, and 3) s tream  s id e .  I f  th e  p i l o t
p r o je c t  had been conducted  on t r e e s  r e p r e s e n t in g  a l l  m ic r o s i te  ty p e s  
w ith in  th e  a r e a ,  how would th e  v a r ia n c e s  have been p a r t i t i o n e d ?  How 
many t r e e s  would need to  be sampled?
T h is  c o re  ty p e  s tu d y  and p r a c t i c a l  c o n s id e r a t io n s  su g g e s t c o l l e c ­
t i o n  o f  fo u r  c o re s  from  t h i r t e e n  t r e e s  on each  s i t e ,  t o t a l i n g  156 
sam ples (52 p e r s i t e )  from  39 t r e e s  fo r  Phase I I .  Time l im ite d  th e  
number o f  sam ples c o l l e c t e d ,  p ro c e s s e d , and a n a ly z e d . To m axim ize th e
in fo rm a tio n  from  th e s e  sam p les, th e  d a ta  were an a ly zed  in  th r e e  ways:
1) Compared and c o n t r a s te d  a l l  t r e e s  from  each  s i t e .
2) C o lle c te d  c o re s  from  t r e e s  on le v e e ,  in  m ain swamp and from  th e  
s tre a m s id e  o f  th e  s i t e .  Then, clumped th e  t r e e s  from  s im i la r  
m icro  s i t e s  w ith in  a  s i t e  and compared and c o n t r a s te d  among 
m icro  s i t e s .
3) A nalyzed a l l  t r e e s  from  a l l  s i t e s  f o r  r e g io n a l  c l im a te .
S ubsequent sam pling showed t h a t  few er sam ples w ere needed to  com­
p a re  th e  c o n t ro l le d  f lo o d in g  and perm an en tly  f lo o d ed  a r e a s  in  o rd e r  to  
re d u c e  th e  s ta n d a rd  e r r o r  to  th e  l e v e l  a c c e p te d 'in  th e  c o re  ty p e  
s tu d y . P e rh a p s , th e  reduced  v a r i a b i l i t y  among sam ples i s  due in  p a r t  
to  th e  e x c lu s io n  o f  n o r th  sam ples.
C hap ter 4
STUDY OF THE STATISTICAL VARIATION AMONG SAMPLES FROM 
DIFFERENT MICRUSITES AND SITES
Ring W idth D ata
S tandard  t r e e  r in g  s t a t i s t i c s  d e s c r ib e d  in  C hap ter 2 were g e n e ra te d  
f o r  th e  RW and IND o f  th e  c o n t ro l le d  f lo o d in g  and p e rm an en tly  f lo o d e d  
s i t e s .  T ree  sp ac in g  and ap p ro x im ate  age o f  each  t r e e  were m easured to  
e x p la in  any  d i f f e r e n c e s  in  g row th  betw een th e  s i t e s .  MN RW in d i c a te s  
th e  d i f f e r e n c e s  between th e  a r e a s  in  th e  r a t e  o f g row th . The v a r i a b i l i ­
t y  in  th e  d a ta  o f  each  s i t e  i s  an a ly zed  by com paring th e  MN SENS o f th e  
RW, and th e  MN SENS, SD, and AUTCORR o f th e  IND f o r  a  p e r io d  common 
to  a l l  t r e e s  on th e  s i t e ,  and to  a l l  t r e e s  on b o th  s i t e s .  A c r o s s ­
c o r r e l a t i o n  (XCORR) a n a l y s i s  o f th e  in d ic e s  o f a l l  t r e e s  o f  eac h  a re a  i s  
in c lu d ed  to  in d i c a te  i f  "common in fo rm a tio n "  i s  a v a i l a b l e  from th e  sam­
p le s  a n d /o r  can be m easured w ith  t h i s  s t a t i s t i c .  The r e l a t i v e  im por­
ta n c e  o f  th e  so u rc e s  o f  v a r i a t i o n  in  th e  d a ta  from  a s in g le  a r e a  and 
between a r e a s  i s  s tu d ie d  u s in g  an  ANOVA in  th e  INDXA program  w hich has 
been e s p e c i a l l y  d es ig n ed  f o r  t r e e  r in g  in d ic e s  ( F r i t t s ,  1976). A com­
p i l a t i o n  o f th e  s t a t i s t i c s  g e n e ra te d  fo r  th e  RW d a ta  a p p e a rs  in  
Appendix B.
C o n tro lle d  F lood ing  A rea . F o u rteen  o f th e  72 sam ples c o l le c te d  in  
th e  a re a  were in c lu d ed  in  th e  s t a t i s t i c a l  a n a ly s i s  o f b o th  th e  RW 
in d ic e s  and d e n s i ty  p h ases  o f t h i s  s tu d y  (T ab le  B - l ) .  A h ig h ly ,  s ig ­
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n i f i c a n t  c o r r e l a t i o n  ( r  ” >73) betw een th e  d i s ta n c e  o f  a  t r e e  from  i t s  
n e a r e s t  co -dom inan t ( in  u p p er canopy) and d ia m e te r  i l l u s t r a t e s  th e  r e ­
l a t io n s h ip  o f t r e e  d ia m e te r  to  ag e  and sp ac in g  on th e  s i t e .  The t r e e s  
sampled a r e  40+ y e a r s  to  g r e a t e r  th a n  60 y e a r s  o ld ;  d ia m e te r s  ra n g e  
from  37 cm to  78 cm. Spacing between up p er canopy t r e e s  ra n g e s  from 
0 .6  m to  4 .5  m (T ab le  9 ) .
The MN RW o f  th e  sam ples ra n g e s  from  2 .9 5  mm to  6 .04  mm. T ree 9 
h as  a  MN RW f o r  th e  p e r io d  common to  a l l  sam ples w hich i s  s i g n i f i c a n t l y  
( .0 5 )  l a r g e r  th a n  th e  o th e r  t r e e s .  T h is  t r e e  i s  one o f  th e  y o u n g e s t, 
m ost v ig o ro u s  ( f u l l  crown) t r e e s  in  th e  a r e a ,  i s  n o t crow ded, and i s  
l e s s  d is tu rb e d  b eca u se  i t  i s  f u r th e r  from  an i r r i g a t i o n  d i t c h  ru n n in g  
a lo n g  m ic r o s i te  B. (The m ic r o s i te s  a r e  d e s c r ib e d  be low .)
The t r e e s  sampled on th e  c o n t ro l le d  f lo o d in g  s i t e  a r e  d iv id e d  
s p a t i a l l y  in to  th r e e  d i s t i n c t  m ic r o s i te s  (T ab le  9 ) . They a r e :  A) T rees  
1 -5 , c o re  ty p e  s tu d y  (C h ap te r 3 ) ;  b) T ree s  6 -10 ; and C) T re e s  11 -13 . 
M ic ro s ite  C i s  th e  o ld e s t  a r e a ;  i t  h as  th e  l a r g e s t  mean d ia m e te r  and 
d is ta n c e  between t r e e s .  The c o re  ty p e  s tu d y  s i t e  A, i s  n e x t in  s ix e  
and sp a c in g , w h ile  m ic r o s i te  B e x h i b i t s  th e  s m a l le s t  d ia m e te r  and d i s ­
ta n c e  between t r e e s  and h as  th e  youn g est t r e e s .  A c o r r e l a t i o n  o f  mean 
d ia m e te r  and mean d i s t a n c e  to  c l o s e s t  n e ig h b o r f o r  th e  th r e e  m ic r o s i te s  
y i e ld s  an  r  v a lu e  o f  . 8 8 .
P erm an en tly  F looded A re a . F o u rteen  o f  th e  52 sam ples c o l le c te d  in  
th e  perm an en tly  f lo o d ed  a r e a  a r e  in c lu d e d  in  th e  s t a t i s t i c a l  a n a ly s i s  of 
b o th  th e  in d ic e s  and d e n s i ty  p h a se s  o f  t h i s  s tu d y  (T ab le  1 0 ) . The d i s ­
ta n c e  o f a  t r e e  from  i t s  n e a r e s t  co -dom inan t i s  n o t s i g n i f i c a n t l y  c o r ­
r e la t e d  to  i t s  d ia m e te r .  Thus, th e  r e l a t i o n s h i p  between d ia m e te r  and 
sp a c in g , no ted  f o r  th e  c o n t ro l le d  f lo o d in g  a r e a ,  i s  n o t e v id e n t h e re .
T ab le  9 . L i s t  o f  t r e e s  sam pled on th e  c o n t r o l le d  f lo o d in g  a re a  
showing d ia m e te r , a g e , and d i s ta n c e  to  n e a r e s t  co-. 
dom inan t.
D is ta n c e  to
A pproxim ate N ea re s t
T ree D iam eter Age* Co "-dominant
M ic ro s i te A++
32-1 6 3 .0  cm o v er 50 3 . 6 m
32-2 4 5 .5 I f  I f 1 . 2
32-3 48 .1 I f  I I 1 .5
32-4 7 8 .Q I f  I I 1 .5
32-5 6 9 .5 f t  I I 3 .3
Mean 6Q.82 • I  t l 2 . 2 2
M ic ro s i te B
32-6 4 5 .5 40 to  50 1 .5
32-7 3 6 . 8 o v er 50 1 .0 5
32-8 5 7 .0 i i  i t 1 .0 5
32-9 63 .0 i t  i t 2 .9
32-10 61 .3 n  i t 2 .9
Mean 52.72 r t  t i 1 . 8 8
M ic ro s ite c
32-11 45 .7 o v er 60 0 . 6
32-12 7 5 .0 11 I I 4 .5
32-13 73 .3 I f  I f 4 .5
Mean 64.67 I f  I t 3 .2
* F ie ld  n o te s ,  r in g  c o u n ts  and r in g  c u rv a tu re  w ere u sed  to  e s t im a te  
th e  age in  y e a r s .
N earest co -dom inan t i s  an oak (.Quercus s p . ) .  B a ld cy p re ss  i s  th e  
n e a r e s t  a s s o c ia te  f o r  a l l  o th e r s .
++ The o u ts id e  r in g  on sam ples ta k en  from  t r e e s  1 th ro u g h  5 i s  1977, 
w h ile  a l l  o th e r  sam ples w ere ta k e n  a f t e r  th e  1979 grow ing se a so n .
T ab le  1 0 . L i s t  o f  t r e e s  sam pled on th e  p erm an en tly  f lo o d e d  a r e a  show­
in g  d ia m e te r ,  a g e , and d i s ta n c e  to  n e a r e s t  co -d o m in an t.
T ree D iam eter
A pproxim ate
Age*
D is ta n c e  to  
N e a re s t 
Co-dom inant
33-1 5 9 .9  cm o ver 45 0 . 6  m
33-2 63 .2 o v e r 50 25 .5
33-3 59 .9 II it 7 .3
33-4 5 7 .5 II it 1 0 . 0
33-5 64 .7 H it 3 0 .0
33-6 5 8 . 2 If IV
33-7+ 4 5 .3 II 1 . 1
33-8 65.1 II II
33-9++ 4 7 .5 o v er 40 0 . 6
33-10 4 3 .8 o ver 50 2 5 .0
33-11 51 .2 ii II 0 .5
33-12 3 8 .0 o v e r 30 6 . 0
33-13 3 3 .8 over 2 0 1 0 . 0
S i t e  Mean 52 .92 o v er 45 1 0 . 6
F ie ld  n o te s ,  r in g  c o u n ts  and r in g  c u rv a tu re  w ere u sed  to  e s t im a te  
th e  age in  y e a r s .
+ N e a re s t co-dom inan t i s  a  m aple (A cer s p . ) .  B a ld cy p re ss  i s  th e  
n e a r e s t  a s s o c ia t e  i f  n o t in d ic a te d  o th e rw is e .
++ N e a re s t co -dom inan t i s  a tu p e lo  (Nyssa a q u a t i c a ) . B a ld cy p re ss  i s  
th e  n e a r e s t  a s s o c ia t e  i f  n o t in d ic a te d  o th e rw is e .
T ree s  sampled on th e  p e rm an en tly  f lo o d e d  a r e a  a r e  s m a lle r  in  d ia m e te r  
and f u r th e r  a p a r t .  The mean a p p ro x im a te  age o f  th e s e  t r e e s  i s  f i v e  to  
seven y e a r s  l e s s  th a n  th o s e  sam pled on th e  c o n t r o l le d  f lo o d in g  a r e a .
The t r e e s  sampled on t h i s  a r e a  a r e  2 0 f y e a r s  to  g r e a t e r  th a n  50 y e a r s ;  
d ia m e te r s  ra n g e  from  34 cm to  65 cm. S pacing  betw een t r e e s  in  th e
u p p er canopy ran g e  from  0 .5  m to  2 5 .5  m. The MN RW o f th e  sam ples
ra n g e s  from  3 .8 6  mm to  7 .3 4  mm.
C o n tro lle d  F lood ing  A rea v s .  P erm an e n tly  F looded A rea . The 
common p e r io d  fo r  th e  sam ples o f  m icro  s i t e  B and C o f  th e  c o n t ro l le d  
f lo o d in g  s i t e  i s  1948-7 9; th e  p e rm an en tly  f lo o d e d  s i t e  p e r io d  i s  
1955-7 9; and th e  m ic r o s i te  A p e r io d  i s  1957-73 . The s i t e s  w ere 
an a ly zed  in d iv id u a l ly  u s in g  th e s e  p e r io d s  (A ppendix B ) . B ecause th e  
s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f  th e  sam ples f o r  eac h  p e r io d  a r e ,  f o r  
p r a c t i c a l  c o n s id e r a t io n s ,  th e  same (T ab le  1 1 ) , o n ly  th e  d a ta  fo r  
1957-73, w hich i s  common to  a l l  sam p les , a r e  d is c u s s e d  h e re .  M ic ro s i te  
B and C a r e  r e f e r r e d  to  c o l l e c t i v e l y  a s  th e  c o n t ro l le d  f lo o d in g  s i t e .  
When th e  c o re  ty p e  s tu d y  d a ta  -  m ic r o s i te  A -  i s  in c lu d e d , i t  i s
r e f e r r e d  to  s p e c i f i c a l l y .  (O nly lo b e  sam ples a r e  in c lu d e d  in  th e
m ic r o s i te  A d is c u s s io n ;  see  C hap ter 3 r e s u l t s . )
MN RW and MN SENS o f th e  RW, and th e  MN, MN SENS, SD and AUTCORR 
o f th e  IND a r e  g iv en  in  T ab les  B -l to  B -4 . The ra n g e  and mean o f 
th e s e  v a lu e s  f o r  b o th  s i t e s  a r e  shown in  T ab le  11. MN RW a p p e a rs  
h ig h e r f o r  th e  p erm an en tly  f lo o d ed  s i t e ,  bu t th e  d i f f e r e n c e  i s  n o t s ig ­
n i f i c a n t  f o r  1957-73. The p erm an en tly  f lo o d e d  a r e a  MN RW v a r i e s  m ost. 
P e ru s a l o f  th e  d a ta  shows d i f f e r e n c e s  betw een MN RW f o r  th e  two sam­
p le s  o f one t r e e  a s  g r e a t  a s  some betw een two d i f f e r e n t  t r e e s ,  but MN 
RW d o es  d i f f e r  s i g n i f i c a n t l y  among t r e e s .  W ith in  th e  c o n t ro l le d
Table I I .  Range and mean ( in  p a re n th e s is )  of th e  s t a t i s t i c s  genera ted  fo r  th e  r in g  w idth samples 
in d ic e s .*
S ite s
C on tro lled  Flooding M ic ro s ite  A Perm anently Flooded
Common Feriod 948-79 1957-73 1957-73 1955-79 1957-■73
Mean Ring Width 2.92 to  6.28 2 . 2 1  to  6 . 2 0 2.55 to  7.05 2.58 to  6.37 2! .55 to 7.02
(4 .08) (3 .76) (4 .58) (4 .33) (4 .53)
Mean Index .96 to  1.17 .64 to  1.22 .82 to  1.03 .93 to  1.05 . 8 6  to 1 . 2 2
( 1 . 0 2 ) (.9 6 ) (.9 3 ) (.9 8 ) ( 1 . 0 2 )
Mean S e n s i t iv i ty .44 to  .60 .32 to  .76 .53 to  1.00 .33 to  .91 .37 to . 8 8
(.4 9 ) (.5 4 ) (.7 0 ) (.5 6 ) (.6 0 )
Standard D eviation .44 to  ,80 .35 to  .60 .38 to  .78 .41 to  1.02 .43 to 1.09
(.53 ) (.5 2 ) ( .5 6 ) (.6 3 ) ( . 6 6 )
F i r s t  Order - .1 6  to .64 -.2 4  to  .73 - .3 3  to  .73 - . 2 1  to  . 6 6 -.29 to .61
A u to co rre la tio n (.3 0 ) ( . 2 1 ) (.0 6 ) (.3 1 ) (.2 7 )
C o rre la tio n  Among A ll - .2 4  to  .80 - .3 3  to  .79 - .3 9  to  .85 .11 to  .87 .05 to .95
Samples ( . 2 1 ) (.2 5 ) ( . 2 0 ) (.4 8 ) (.5 1 )
C o rre la tio n  W ithin . 0 1  to  .80 - .1 6  to  .75 - .0 3  to  .85 . 1 1  to  .80 .05 to .76
Trees (.4 7 ) (.3 8 ) (.34 ) (.5 3 ) (.5 3 )
C o rre la tio n  Among Trees - . 0 1  to  .60 - . 0 2  to  . 6 6 .11 to  .64 .36 to  .87 .42 to .90
(.2 5 ) (.24 ) (.3 6 ) ( .6 2 ) (.5 1 )
The v a lu es  a re  taken from Appendix B.
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f lo o d in g  a r e a ,  th e  t r e n d s ,  a l th o u g h  n o t s ig n i f i c a n t  f o r  MN RW, ap p ea r 
co n g ru en t w ith  o b s e rv a t io n s  made on th e  s i t e .  The w id e s t ran g e  o f 
MN RW ( i f  th e  o u t l i e r s  a r e  exc luded ) i s  f o r  m ic r o s i te  B, w hich a p p e a rs  
to  be th e  m ost v a r i a b l e  in  age and ed ap h ic  f e a t u r e s  ( i . e .  m ost d i s ­
tu r b e d ) .  The ra n g e  in  MN RW f o r  m ic r o s i te  C i s  th e  s m a l le s t .  T h is  
i s  th e  o ld e s t  and d r i e s t  o f  th e  a r e a s .
The ra n g e  in  mean in d ex  (MN IND), 1957-73 , f o r  a l l  sam ples 
o f  th e  c o n t ro l le d  f lo o d in g  and p erm an en tly  flo o d ed  s i t e s  i s  s im i la r .
(MN IND ap p ro x im a te s  one f o r  th e  e n t i r e  sam ple, bu t may d i f f e r  f o r  
a  p o r t io n  o f  th e  s e r i e s . )  The v a lu e s  f o r  MN SENS o f th e  in d ic e s  d i f f e r  
o n ly  s l i g h t l y  from  th o s e  f o r  th e  RW. MN SENS v a lu e s  a r e  h ig h  (T ab le
11) when compared to  v a lu e s  p u b lish e d  from  e a s te r n  N o rth  America 
(De W itt and Ames, 1978), but a r e  t y p i c a l  o f  b a ld c y p re s s  d a ta  (Bow ers, 
1973 and S ta b le ,  197 9 ) .
D if f e re n c e s  in  mean index  (MN IND), MN SENS, and SD among th e  con­
t r o l l e d  f lo o d in g  m ic r o s i te s  a r e  s i g n i f i c a n t .  The d i f f e r e n c e s  in  
AUTCORR a r e  n o t .  M icro s i t e  A has  th e  lo w e s t MN IND v a lu e ,  h ig h e s t  MN 
SENS, and lo w e s t AUTCORR. The sam ples o f  C, th e  o ld e s t  t r e e s ,  ap p ea r 
to  be l e a s t  v a r i a b l e ,  in c lu d in g  th e  lo w e s t mean v a lu e s  fo r  SD and MN 
SENS. The l a r g e s t  MN IND v a lu e  i s  f o r  th e  p erm anen tly  flo o d ed  a re a  
w hich c o rre sp o n d s  w ith  MN RW. As w ith  MN RW on th e  p erm an en tly  flo o d ed  
s i t e ,  t h e r e  i s  a s  much v a r i a t i o n  betw een sam ples w ith in  a  s in g le  t r e e  
a s  among t r e e s  f o r  MN SENS v a lu e s  in  b o th  a r e a s .  For exam ple, th e  
two sam ples o f t r e e  13 o f  th e  c o n t r o l le d  f lo o d in g  a re a  have th e  
h ig h e s t  and lo w es t MN SENS v a lu e s  re c o rd e d  f o r  th e  a r e a .  MN SENS 
v a lu e s  a r e  s i g n i f i c a n t l y  h ig h e r  f o r  m ic r o s i te  A, p r im a r i ly  b ecause  of
50
th e  number o f  m iss in g  r i n g s .  T h is  a r e a  i s  th e  m ost rem o te  from  man- 
made f e a t u r e s  and i s  second o n ly  to  m ic r o s i te  B in  t r e e  d e n s i ty .
P h ip p s <1978) found th e  same tre n d  in  th e  D ism al Swamp b ecau se  t r e e s  
In  more rem o te , d e n se r  s ta n d s  had a  l a r g e r  number o f  m iss in g  r i n g s .
A b ro ad er ra n g e  o f v a lu e s  i s  e v id e n t f o r  th e  p e rm a n en tly  f lo o d e d  a r e a .  
MN SENS em phasizes h ig h  freq u en cy  v a r i a t i o n  ( i . e .  s h o r t  te rm  v a r i a t i o n ) ,  
w hich cou ld  be in t e r p r e te d  h e re  a s  a  s t r e s s  i n d i c a t o r .  T ree  10 on 
th e  p erm an en tly  f lo o d ed  a re a  has th e  h ig h e s t  v a lu e s .  The d i f f e r e n c e  
between i t  and th e  o th e r  t r e e s  in  th e  a r e a  i s  h ig h ly  s i g n i f i c a n t .  The 
d a ta  f o r  t r e e  10 a r e  d i s t i n c t i v e .  The sam ples from  t h i s  t r e e  have th e  
h ig h e s t  MN SENS and SD, a  n e g a t iv e  AUTCORR, th e  h ig h e s t  c o r r e l a t i o n  
w ith in  a  t r e e  ( .8 0 ) ,  and th e  p o o re s t  c o r r e l a t i o n  ( .5 4 )  w ith  a l l  o th e r  
t r e e s .  F ie ld  n o te s  in d ic a te  t h a t  i t  i s  below  a v e ra g e  in  d ia m e te r  -  
a l th o u g h  one o f  th e  o ld e s t  in  th e  a re a  -  i s  more I s o l a t e d ,  and i s  
grow ing in  th e  d e e p e s t w a te r . I t  m igh t be c o n s id e re d  th e  m ost d i s ­
tu rb e d  b ecause  i t  i s  s i tu a te d  in  a t r e n c h  p ro b a b ly  form ed when 
m a te r ia l  was d redged  f o r  le v e e  c o n s t r u c t io n .
The c o n t ro l le d  f lo o d in g  a r e a  ch ro n o lo g y  has th e  lo w e s t MN IND and 
SD and th e  l a r g e s t  AUTCORR and s ta n d a rd  e r r o r  (S E ). T h is  su g g e s ts  
t h a t  th e  p erm an en tly  f lo o d e d  a re a  ch ro n o lo g y  i s  more u s e f u l  f o r  r e ­
c o n s tru c t in g  r e g io n a l  c l im a te .  B oth  a r e a  c h ro n o lo g ie s  (F ig . 7) show 
s im i la r  t r e n d s .  B oth  a r e a s  show above av e ra g e  g row th  in  th e  l a t e  
1 9 4 0 's  th ro u g h  1957 w ith  a  sharp  d e c re a se  in  th e  e a r ly  1 9 6 0 's ,  th e n  
a  r e l e a s e  f o r  1964->7 6  w ith  a d e f i n i t e  d e c l in e  in  th e  l a t e  197 O 's .
F ig . 8  i s  th e  combined ch rono logy  f o r  th e  c o n t r o l le d  f lo o d in g  and p e r ­




















F ig u re  7 . P erm an en tly  f lo o d ed  and c o n t ro l le d  f lo o d in g  a r e a  r in g  w id th  
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Figure 8 . Perm anently flooded and c o n tro lle d  flood ing  a re a s  combined r in g  w id th  (RW) 
in d ic e s  chronology, 1918-79.
Comparison o f  th e  ANOVA f o r  th e  lo b e  sam ples o f  m icro  s i t e  A, 
th e  c o n t ro l le d  f lo o d in g  a r e a  and th e  p e rm an en tly  f lo o d e d  a r e a ,  19S7-73, 
r e v e a ls  t h a t  th e  p e rm an en tly  f lo o d e d  a re a  h as  th e  l a r g e s t  VC a t t r i ­
b u ta b le  to  th e  t o t a l  s i t e  ch ro n o lo g y  (47%). T h is  i s  tw ic e  th e  v a lu e  
f o r  e i t h e r  m ic r o s i te  A o r  th e  c o n t ro l le d  f lo o d in g  a r e a  (T a b le s  7 and
1 2 ) . P i lc h e r  (1976) s u g g e s ts  44% a s  s u f f i c i e n t  common in fo rm a tio n  f o r  
th e  s e r i e s  to  be u sed  f o r  c l im a t ic  s tu d y . The c o n t r o l le d  f lo o d in g  
a r e a  shows th e  h ig h e s t  VC f o r  th e  in d iv id u a l  t r e e  c h ro n o lo g ie s  (14%), 
su g g e s tin g  t h a t  v a ry in g  f a c t o r s  a r e  a f f e c t in g  th e  ch ro n o lo g y  o f th e  
in d iv id u a l  t r e e s .  D if f e re n c e s  In  c o re  c h ro n o lo g ie s  a r e  l a r g e s t  on 
m ic r o s i te  A (7 6 %), but c o re  c h ro n o lo g ie s  acc o u n t f o r  th e  h ig h e s t  p e r ­
c e n t  o f  th e  v a r ia n c e  in  th e  d a ta  on a l l  s i t e s .  A h ig h  VC f o r  c o re  
c h ro n o lo g ie s  i s  a t t r i b u t e d  to  i r r e g u l a r  d i s t r i b u t i o n  o f  food and 
g row th  c o n t r o l l i n g  s u b s ta n c e s  w ith in  th e  t r e e  ( F r i t t s ,  1976).
The XCOKR a n a ly s e s  o f  th e  in d ic e s  o f  b o th  s i t e s  show h ig h e r  c o r ­
r e l a t i o n s  f o r  th e  sam ples o f th e  p e rm an en tly  f lo o d ed  a r e a .  T h is 
c o r r e l a t i o n  i s  c o n s i s t e n t  w ith  th e  l a r g e r  VC a t t r i b u t a b l e  to  th e  t o t a l  
ch ro n o lo g y  o f th e  p erm an en tly  f lo o d ed  s i t e .  A lthough c r o s s d a ta b le ,  
many o f  th e  sam ples a r e  p o o r ly  c o r r e l a t e d ;  and h ig h e r c o r r e l a t i o n s  a re  
som etim es n o te d  f o r  sam ples from  two d i f f e r e n t  t r e e s ,  r a th e r  th a n  
sam ples from th e  same t r e e .
T ab le  12 shows th e  ANOVA summary f o r  th e  ch ro n o lo g y  o f  th e  com­
b ined  in d ic e s  o f  b o th  a r e a s .  The p e rc e n t VC f o r  th e  mean ch ro n o lo g y , 
and th e  so u rc e s  w hich i n t e r a c t  w ith  i t ,  a r e  a l s o  in c lu d e d . A l a r g e r  
p e rc e n t o f  th e  v a r ia n c e  i s  due to  th e  t o t a l  ch ro n o lo g y  (y e a rs )  f o r  
th e s e  d a ta  r a t h e r  th a n  f o r  th e  c o re  ty p e  s tu d y  d a t a .  T h e re fo re ,
T ab le  12. A n a ly s is  o f v a r ia n c e  r e s u l t s  o f  th e  c o n t r o l le d  f lo o d in g  
and p erm an en tly  f lo o d ed  a r e a s  I n d ic e s ,  1957-73.
Source
C o rre c te d  
Sum o f 






P e rc e n t
V arian ce
Components
C o n tro lle d  F loo d in g  Area
T rees CT) 2 .51 6
Cores (C) 0 .0 5 1
Y ears (Y) 18.88 16 .07 24
T X C 1 .13 6
T X Y 24 .74 96 .04 14
C X Y 1 .8 0 16 - .0 0 9 0
T X C X Y 17.25 96 .18 62
P erm anen tly  F looded A rea
T rees (T) .93 6
Cores (C) . 0 0 2 1
Y ears (Y) 52 .58 16 . 2 2 47
T X C 1.13 6
T X Y 2 5 .16 96 . 0 2 4
C X Y 2 .43 16 - . 0 1 0
T X C X Y 21.78 96 .23 49
C o n tro lle d F lo o d in g  and P erm anen tly  F looded A reas Combined
S i t e  iCS) .3625 1
T rees (T )/S 3 .4414 1 2
Cores (C) .0400 1
Y ears (Y) 62.6865 16 0.1306 34
C X S .0146 1
T X C/S 2 .2566 1 2
S X Y 8.7744 16 0 .0206 5
T X Y/S 49 .8906 192 0.0283 8
C X Y 1.4756 16 -0 .0 0 7 9 0
S X C X Y 2.7595 16 -0 .0 0 4 4 0
T X C X Y/S 39.0383 192 0.2033 53
* N eg a tiv e  v a r ia n c e  com ponents a r e  r e p la c e d  by zero  (K irk , 1968 
and Dunn and C la rk , 1974) . Components a r e  o n ly  computed f o r  th e  
s o u rc e s  w hich I n t e r a c t  w ith  th e  ch rono logy  (y e a rs )  a c c o rd in g  to  
th e  m ethods o f  F r i t t s  (1 9 7 6 ).
few er sam ples a r e  needed to  re d u c e  th e  SE to  a  s p e c i f i c  l e v e l .  The 
com ponents c a lc u la te d  f o r  t r e e  x y ea r ( .0 2 8 )  and t r e e  x c o re  x y ea r 
( .2 0 3 )  o f  th e  combined d a ta  a r e  ised  to  c o n s t r u c t  T ab le  13 o f  th e  SE 
o f e s t im a te s  f o r  v a r io u s  numbers o f  t r e e s  and c o r e s .  The summary o f 
th e  c o re  ty p e  s tu d y  (C h ap te r 3) s u g g e s ts  th a t  sam pling fo u r  c o re s  
from  13 t r e e s  would re d u c e  th e  SE to  a  l e v e l  a t  w hich o n ly  a c o n s i­
d e r a b le  number o f  a d d i t io n a l  sam ples co u ld  re d u c e  i t  f u r t h e r .  T ab le  
8  shows th e  SE o f e s t im a te s  f o r  fo u r  c o re s  from  13 t r e e s  i s  .097 . 
Presum ing t h i s  to  be an  a c c e p ta b le  l e v e l ,  two c o re s  from  14 t r e e s  
(o r  th r e e  c o re s  from  1 0  t r e e s )  a r e  needed f o r  th e  s tu d y  o f  th e  con­
t r o l l e d  f lo o d in g  and p erm an en tly  f lo o d ed  a r e a s  combined (T ab le  1 3 ).
A sam ple s i z e  o f  120, fo u r  c o r e s  from  t h i r t y  t r e e s ,  i s  r e q u ire d  to
re d u c e  th e  SE to  0 .05  o r  l e s s .
B oth  a r e a s  s tu d ie d  a r e  c o n s id e re d  young and g r e a t ly  d is tu r b e d  by
th e  s ta n d a rd s  o f  c u r r e n t  t r e e  r in g  r e s e a r c h .  S i t e  d is tu r b a n c e s  have 
o c c u rre d  in  tandem  and d i f f e r e n t i a l l y .  Y e t, sam ples from  th e  two 
a r e a s  a r e  c r o s s d a ta b le  w ith in  and betw een a r e a s .  The RW IND c h ro n o lo ­
g ie s  f o r  th e  two s i t e s  a r e  s i g n i f i c a n t l y  c o r r e l a te d  ( . 8 8 ) .  The 
s t a t i s t i c a l  c h a r a c t e r i s t i c s  o f th e  sam ples, s p e c i f i c a l l y  h ig h  MN SENS 
and m o d era te  AUTCORR, su g g es t th e  d a ta  a r e  a p p r o p r ia te  f o r  c l im a t ic  a s  
w e ll a s  e c o lo g ic a l  s tu d ie s .  The p e rm an en tly  flo o d ed  s i t e  a p p e a rs  
more u s e f u l  f o r  th e  fo rm er because  th e  d a ta  a r e  c h a ra c te r iz e d  by 
h ig h e r  mean c o r r e l a t i o n s  between sam ples and a  l a r g e r  VC f o r  th e  t o t a l  
ch ro n o lo g y . The l a t t e r  v a lu e  i s  one o f  th e  h ig h e s t  re p o r te d  to  d a te  
f o r  a  RW IND ch ro n o lo g y  o f th e  e a s te r n  U .S. A lso , w ith in  th e  g u id e ­
l i n e s  o f  c u r r e n t  t r e e  r in g  th e o ry ,  th e  s t a t i s t i c s  g e n e ra te d  f o r  th e  
p erm an en tly  flo o d ed  a re a  su g g es t t h a t  th e  t r e e s  o f t h i s  a re a  a r e
56
T ab le  13 . C a lc u la te d  mean s ta n d a rd  e r r o r  o f  e s t im a te s  u s in g  v a r io u s  
numbers o f  t r e e s  and c o re s  and th e  d a ta  o f  th e  a n a ly s i s  
o f  v a r ia n c e  o f  th e  c o n t r o l le d  f lo o d in g  and p erm an en tly  
f lo o d e d  a r e a s  com bined in d ic e s  ch ro n o lo g y , 1957-73.
Number
: t r e e s Number o f c o re s  p e r t r e e
1 2 3 4
5 .215 .161 .139 .126
6 .196 .147 .127 .115
7 .182 .136 .117 .106
8 .170 .127 .109 .099
9 .160 . 1 2 0 .103 .094
1 0 .152 .114 .098 .089
1 1 .145 .109 .093 .085
1 2 .139 .104 .089 .081
13 .133 .099 .086 .078
14 .129 .096 .082 .075
15 .124 .093 .080 .073
16 . 1 2 0 .090 .077 .070
17 .117 .087 .075 .068
18 .113 .085 .073 .066
19 . 1 1 0 .083 .071 .065
2 0 .108 .081 .069 .063
30 .087 .066 .057 .051
40 .076 .057 .049 .044
grow ing in  more s t r e s s f u l  c o n d i t io n s .
Ring D e n s ity  D ata
B ecause o f  f a l s e  r i n g s , r i n g  w id th  sam ples o f  b a ld c y p re s s  can  be 
v e ry  d i f f i c u l t  to  c r o s s d a te  (C hap ter 3 ) .  X -ray  d e n s ito m e try  was in ­
c lu d ed  in  th e  s tu d y  in  hopes o f a l l e v i a t i n g  t h i s  prob lem . The d e n s i ty  
g ra p h s  d id  n o t  o f f e r  a  p anacea . The d e n s i ty  p r o f i l e s  o f  f a l s e  r i n g s  
w ere n o t c l e a r l y  d ls c e r n a b le  from  t r u e  r i n g s .  In  f a c t ,  s e v e ra l  
narrow  r in g s  in  th e  1 9 6 0 's  -  judged  t r u e  by c ro s s d a t in g  r in g  w id th  
sam ples -  had anom alous d e n s i ty  p r o f i l e s .
As m entioned  in  C hap ter 2 , r in g  w id th s  a r e  exp ec ted  to  d e c re a s e  
th ro u g h  tim e , w h ile  o v e r a l l  wood d e n s i ty  te n d s  to  in c r e a s e .  B ecause 
a  c o n s i s t e n t  t r e n d  was n o t found among th e  MIN EH and MX LH sam ples, 
a  h o r iz o n ta l  s t r a i g h t  l i n e  was f i t t e d  to  th e  d a t a .  The MX LW o f t r e e  
1 0  on th e  p erm an en tly  f lo o d ed  s i t e  d id  in c re a s e  a s  exp ec ted  th ro u g h  
t im e . B u t, th e  two sam ples o f  t r e e  5 , w hich  i s  s im i la r l y  s i tu a te d  
on th e  same s i t e  and o f  th e  same ap p ro x im ate  a g e , produced c o n f l i c t ­
ing  d a t a .  The MX LW on one sam ple increased  w h ile  th e  o th e r  d e c re a se d .
B efo re  th e  d e n s i ty  v a lu e s  w ere c o n v e rte d  to  in d ic e s ,  a com pari­
son was made between th e  mean v a lu e s  f o r  th e  sam ples o f  m ic r o s i te  B 
and C o f  th e  c o n t ro l le d  f lo o d in g  a re a  and th e  p erm an en tly  f lo o d ed  a r e a .  
The sam ples o f  m ic r o s i te  C, w hich In c lu d e s  th e  l a r g e s t ,  o ld e s t  t r e e s  
sam pled, had th e  h ig h e s t  mean f o r  MX LW, MIN EW, and DENS, a s  would 
be e x p e c te d . The d i f f e r e n c e ,  how ever, was n o t s i g n i f i c a n t .
S tandard  t r e e  r in g  s t a t i s t i c s  d e s c r ib e  in  C hap ter 2 have h i s t o r i ­
c a l l y  been used  f o r  RW d a ta .  I n v e s t i g a to r s  in t e r e s te d  in  c l im a t ic  
a n a l y s i s  have used  th e s e  s t a t i s t i c s  to  a n a ly z e  d e n s i ty  d a ta  a s  w e ll ;
h e re  th e y  a r e  g e n e ra te d  f o r  th e  d e n s i ty  d a ta  (P a rk e r  and Henoch, 1971; 
C le av e la n d , 1975; and Conkey, 197 9 ) .  The mean unsm oothed v a lu e s  f o r  
MX LW, MIN EH, and DENS in d i c a t e  any  r e l a t i v e  d i f f e r e n c e s  betw een th e  
a r e a s  in  wood d e n s i t y .  The v a r i a b i l i t y  o f  th e  d e n s i ty  w ith in  and be­
tw een a r e a s  i s  s tu d ie d  by com paring th e  MN SENS o f  th e  raw  v a lu e s ,  th e  
MN SENS, SD, and AUTCORR o f  th e  in d ic e s  f o r  a tim e  common to  a l l  sam­
p le s  (T ab le  14) .
MN SENS and SD a r e  much low er f o r  th e  d e n s i ty  sam ples th a n  fo r  
th e  RW d a ta  (T a b le s  11 and 1 4 ). AUTCORR i s  h ig h e r .  The XCORR 
a n a ly s e s  a r e  d i f f i c u l t  to  i n t e r p r e t ,  in  p a r t ,  due to  th e  ra n g e  o f 
v a lu e s  from  l a r g e ,  s i g n i f i c a n t ,  n e g a t iv e  c o r r e l a t i o n s  to  s i g n i f i c a n t ,  
p o s i t i v e  c o r r e l a t i o n s  (A ppendix C ). G re a te r  c o r r e l a t i o n  among sam­
p le s  e x i s t s  f o r  th e  RW d a ta .  These d a ta  do n o t o f f e r  an  improvement in  
s t a t i s t i c a l  c h a r a c t e r i s t i c s  o v e r th e  RW d a ta  f o r  c l a s s i c  t r e e  r in g  
s tu d ie s .
The common p e r io d  f o r  th e  d e n s i ty  sam ples o f  th e  c o n t ro l le d  
f lo o d in g  a r e a  i s  1948-79 , f o r  th e  p erm an en tly  f lo o d ed  a re a  1955-7 9. 
S t a t i s t i c s  were g e n e ra te d  f o r  th e  lo n g e s t  p o s s ib le  p e r io d .  Because 
t r e n d s  f o r  a l l  tim e  p e r io d s  a r e  s im i la r ,  o n ly  th e  p e r io d  common to  a l l  
d e n s i ty  sam p les, 1955-7 9, i s  d is c u s s e d .  A XCORR a n a l y s i s  and t r e e  r in g  
ANOVA d e s c r ib e d  above a r e  a ls o  in c lu d e d . A s t a t i s t i c a l  c o m p ila tio n  
o f  th e  d e n s i ty  d a ta  a p p e a rs  in  A ppendix C. M ic ro s i te  A i s  n o t in c lu d ed  
in  th e  d e n s i ty  s tu d y .
C o n tro lle d  F lood ing  A rea v s .  P erm an en tly  F looded A rea . T here i s  
no s i g n i f i c a n t  d i f f e r e n c e  between th e  a r e a s  w ith  re g a rd  to  th e  av erag e  
v a lu e s  f o r  MX LW, MIN EW, o r DENS v a lu e s .  The SD, MN SENS, and AUTCORR
Table 14. Range and mean (In  p a re n th e s is )  o f th e  s t a t i s t i c s  genera ted  f o r  th e  d e n s ity  samples 
In d ic e s , 1955-79.*




Perm anently Flooded 
Maximum Minimum D ensity
Latewood Earlywood D ifference Latewood Earlywood D ifference
Mean S e n s i t iv i ty .04 to  .08 .03 to  .07 .16 to  .33 .05 to  .23 .03 to  .20 .20 to  .40
(.06 ) (.0 5 ) (.2 5 ) (.0 8 ) (.0 7 ) (.2 8 )
Standard .06 to  .09 .04 to  .14 .16 to  .53 .06 to  .23 .03 to  .21 .18 to  .54
D eviation (.07 ) (.0 8 ) (.2 7 ) ( . 1 0 ) ( . 1 0 ) (.2 9 )
F i r s t  Order -.1 4  to  .69 .22 to  .84 - .1 8  to  .45 - . 1 1  to  . 6 8 - .1 7  to  . 8 8 - .4 4  to  .49
A u to co rre la tio n (.30 ) (.6 3 ) ( . 1 1 ) (.3 0 ) (.4 6 ) ( . 1 1 )
C o rre la tio n  Among - .6 2  to  . 6 6 - .6 5  to  .79 - .5 4  to  .48 - .5 6  to  . 8 6 - .7 1  to  .80 - .5 0  to  .59
A11 Samples (.0 6 ) (.0 3 ) (.0 3 ) (.1 5 ) ( . 1 0 ) (.1 7 )
C o rre la tio n  Among - .4 5  to  .57 - .6 5  to  .62 - .3 6  to  .37 - .0 1  to  .69 - .2 0  to  ,64 - .4 0  to  .59
Trees (.0 4 ) ( . 0 2 ) ( .0 3 ) (.3 3 ) ( . 2 1 ) ( .2 5 )
* The v a lu es  a re  taken from Appendix C.
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o f  th e  sam ples do n o t d i f f e r  s i g n i f i c a n t l y  betw een a r e a s  ex c e p t f o r  
MX LW. The SD o f  th e  MX LW sam ples o f  th e  p erm an en tly  f lo o d e d  a re a  a r e  
s i g n i f i c a n t l y  h ig h e r  th a n  th o s e  f o r  th e  c o n t ro l le d  f lo o d in g  a r e a .  
A lthough  th e r e  I s  no s ig n i f i c a n t  d i f f e r e n c e  between th e  a r e a s  f o r  
AUTCORR, i t s  v a lu e s  d i f f e r  s i g n i f i c a n t l y  among t r e e s  o f  th e  c o n t ro l le d  
f lo o d in g  a r e a .
The AUTCORR v a lu e s  f o r  m icro  s i t e  B a r e  g r e a t e r  th a n  th o s e  fo r  
m icro  s i t e  C, su g g e s tin g  t h a t  MX LW i s  more d ep en d en t on th e  p re v io u s  
y e a r 's  v a lu e  on m ic r o s i te  B. The t r e e s  grow ing on m ic r o s i te  B a r e  
younger and more d is tu rb e d  th a n  th o s e  on C.
T a b le s  15, 16 and 17 c o n ta in  th e  ANOVA r e s u l t s  o f  th e  d e n s i ty  
p a ra m e te rs  f o r  th e  c o n t ro l le d  f lo o d in g  and p erm an en tly  f lo o d e d  a r e a s .  
The VC f o r  a l l  d e n s i ty  p a ra m e te rs  on b o th  s i t e s  a r e  th e  h ig h e s t  fo r  
c o re  c h ro n o lo g ie s .  The p erm an en tly  f lo o d ed  a re a  h as  th e  g r e a t e s t  VC 
f o r  th e  t o t a l  ch ro n o lo g y  f o r  a l l  th r e e  p a ra m e te rs . The v a lu e s  however 
a r e  n o t h ig h , ra n g in g  from 7% f o r  MIN EW to  14% f o r  MX LW. Conkey 
(197 9) u sed  th e  ANOVA, w hich has  been ad ap ted  to  t r e e  r in g  work ( F r i t t s ,  
1976 ), f o r  d e n s i ty  d a ta  a l s o .  The VC f o r  th e  t o t a l  ch ro n o lo g y  fo r  
maximum d e n s i ty  in  her s tu d y  was much h ig h e r (47%). C onkey 's  (1979) 
ch ro n o lo g y  was o f  a c tu a l  d e n s i t i e s  v e r s u s  th e  r e l a t i v e  v a lu e s  o f  t h i s  
s tu d y . She was s tu d y in g  re d  sp ruce  (P ic e a  ru b e n s  S a rg .)  grow ing a t  
up p er e l e v a t io n s .
The VC f o r  c o re  c l a s s e s  was zero  f o r  a l l  bu t MX LW (5%) and DENS 
(1%) on th e  p erm an en tly  flo o d ed  a r e a .  The c o re s  were a rran g ed  in to  two 
c l a s s e s  by p la c in g  th e  c o re  w ith  th e  l a r g e s t  MN RW f i r s t .  E v id e n tly  
a  d i f f e r e n c e  e x i s t s  in  th e  MX LW and DENS c h ro n o lo g ie s  on t h i s  s i t e ,  
depend ing  on th e  w id th  o f th e  r in g s .
T ab le  15 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  maximum la tew ood  In d ic e s  
o f  th e  c o n t r o l le d  f lo o d in g  and p e rm an en tly  f lo o d e d  a r e a s ,  
1955-79 .
D egrees P e rc e n t
Sum o f  o f  V arian c e  V arian ce
S ource S q u ares  Freedom Components* Components
C o n tro lle d  F loo d in g  A rea
T rees  (T) .1445 6
Cores (C) .0229 1
Y ears (Y) .1948 24 . 0 0 0 1 2
T X C .0356 6
T X Y .8716 144 . 0 0 1 2 25
C X Y .0608 24 - . 0 0 0 1 0
T X C X Y .5195 144 ' .0036 73
P erm anen tly  F looded A rea
T rees  (T) .5000 6
Cores (C) . 0 0 1 2 1
Y ears (Y) .8135 24 .0019 14
T X C .9059 6
T X Y 1.0874 144 -.0 0 1 6 0
C X Y .3740 24 .0007 5
T X C X Y 1.5369 144 .0107 81
* N eg a tiv e  v a r ia n c e  com ponents a r e  r e p la c e d  by zero  (K irk , 1968 and 
Dunn and C la rk , 1 9 7 4 ). Components a r e  o n ly  computed f o r  th e  
so u rc e s  w hich I n t e r a c t  w ith  th e  ch ro n o lo g y  (y e a rs )  a c c o rd in g  to  
th e  m ethods o f  F r i t t s  (1 9 7 6 ).
T able 16. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  minimum earlyw ood In d ic e s  
o f  th e  c o n t r o l le d  f lo o d in g  and perm anen tly  f lo o d e d  
a r e a s ,  1955-79.
D egrees P e rc e n t
Sum o f o f  V arian ce  V arian ce
S ource  S quares Freedom Components* Components
C o n tro lle d  F lood ing  Area
T rees (T) .204 6
Cores (C) .008 1
Y ears (Y) .275 31 - . 0 0 0 0 0
T X C .047 6
T X Y 2.174 186 . 0 0 2 2 29
C X Y .118 31 - . 0 0 0 2 0
T X C X Y 1.194 186 .0054 71
P erm anen tly  F looded Area
T rees (T) .6272 6
Cores (C) .0007 1
Y ears (Y) .6123 24 . 0 0 1 0 7
T X C .1345
T X Y 1.5896 144 -.0 0 1 3 0
C X Y .3132 24 - . 0 0 0 1 0
T X C X Y 1.9692 144 .0137 93
* N eg a tiv e  v a r ia n c e  com ponents a r e  re p la c e d  by zero  (K irk , 1968 
and Dunn and C la rk , 1974) . Components a r e  o n ly  computed f o r  
th e  so u rc e s  w hich i n t e r a c t  w ith  th e  ch rono logy  (y e a rs )  a c c o rd ­
in g  to  th e  m ethods o f  F r i t t s  (1976) .
T able 17. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  d e n s i ty  d i f f e r e n c e  
in d ic e s  o f  th e  c o n t r o l le d  f lo o d in g  and perm an en tly  
f lo o d e d  a r e a s ,  1955-79 .
D egrees P e rc e n t
Sum o f o f  V arian c e  V arian ce
Source S q u ares  Freedom Components* Components
C o n tro lle d  F lo o d in g  Area
T rees (T) 1.4963 6
Cores (C) . 0 1 2 0 1
Y ears (Y) 2 .6338 24 .0015 2
T X C .3110 6
T X Y 12.7637 144 .0084 1 0
C X Y .5222 24 -.0 0 7 1 0
T X C X Y 10.3318 144 .0717 8 8
P erm anen tly  F looded Area
T rees (T) .7236 6
Cores Cc) .0073 1
Y ears (Y) 6 .0525 24 . 0 1 2 0 13
T X C .2664 6
T X Y 12.0339 144 .0062 7
C X Y 1.7781 24 .0004 1
T X C X Y 10.2603 144 .0713 79
* N eg a tiv e  v a r ia n c e  com ponents a r e  re p la c e d  by zero  (K irk , 1968 
and Dunn and C la rk , 1974). Components a r e  o n ly  computed f o r  
th e  so u rc e s  w hich i n t e r a c t  w ith  th e  ch ro n o lo g y  (y e a rs )  a c c o rd ­
in g  to  th e  m ethods o f  F r i t t s  (1 9 7 6 ).
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The VC f o r  t r e e  com ponents i s  l a r g e r  f o r  a l l  th r e e  p a ra m e te rs  on 
th e  c o n t r o l le d  f lo o d in g  a r e a .  T here i s  more v a r i a b i l i t y  in  th e  d e n s i ty  
c h ro n o lo g ie s  among t r e e s  o f  th e  c o n t r o l le d  f lo o d in g  a r e a .  T h is  cou ld  
have been a t t r i b u t e d  to  th e  o ld e r  t r e e s  o f  m ic r o s i te  C, e x c e p t t h a t  
th e  d a ta  were s ta n d a rd iz e d  to  remove th e  age tr e n d  (C h ap te r 2 ) .
When th e  in d ic e s  f o r  b o th  s i t e s  a r e  combined f o r  th e  ANOVA, a d d i­
t i o n a l  s o u rc e s  o f  v a r i a t i o n  due to  s i t e  d i f f e r e n c e s  can  be m easured . 
T ab le  18 in d i c a te s  t h a t  o n ly  a  sm all p e rc e n t o f  th e  v a r ia n c e  o f  th e  
combined d a ta  i s  due to  d i f f e r e n c e s  in  a r e a  c h ro n o lo g ie s .  However, 
th e  v a lu e s  f o r  MX LW a r e  l a r g e r  th a n  f o r  any  o f  th e  o th e r  r in g  p a ra ­
m e te rs .  The d i f f e r e n c e  in  th e  MX LW c h ro n o lo g ie s ,  depend ing  on th e  
MN SW w hich was found f o r  th e  sam ples o f  th e  p e rm an en tly  f lo o d ed  a r e a ,  
i s  a l s o  e v id e n t  in  T a b le >18. MX LW i s  th e  o n ly  p a ram e te r f o r  w hich a 
d i f f e r e n c e  o c c u rs  in  c o re  c l a s s e s  o f  th e  a r e a s .
F ig s .  9, 10, and 11 in c lu d e  p lo t s  o f  th e  MX LW, MIN EW and DENS 
c h ro n o lo g ie s  f o r  b o th  a r e a s .  The MX LW and DENS c h ro n o lo g ie s  d i f f e r  
g r e a t l y  between a r e a s  and a r e  n o t s ig n i f i c a n t l y  c o r r e l a t e d .  The MX LW 
o f th e  p e rm an en tly  f lo o d ed  a re a  i s  th e  m ost e r r a t i c  and n o t ic e a b ly  
reduced  (1 9 5 9 -6 6 ), w h ile  th e  c o n t ro l le d  f lo o d in g  a r e a  ch ro n o lo g y  i s  
n o t .  B oth  MX LW c h ro n o lo g ie s  tr e n d  upward in  1978+47 9. The two DENS 
c h ro n o lo g ie s  show an in c re a s in g  s te e p n e s s  in  r in g  p r o f i l e  between 
1940-56 , a  d e c l in e  in  1958-63, an in c r e a s e  in  1966-74 , and a  d e c l in e  
in  1974-79 (F ig . 11 ).
The MIN EW c h ro n o lo g ie s  p lo t te d  f o r  each  s i t e  (F ig . 10) a r e  s ig ­
n i f i c a n t l y  c o r r e l a t e d .  The c h ro n o lo g ie s  a r e  n e g a t iv e ly  c o r r e la te d  in  
1954-7 0 and p o s i t i v e ly  c o r r e l a te d  in  197 0-7 9. B oth c h ro n o lo g ie s  show
T ab le  18. P e rc e n t  ch ro n o lo g y  y a r la n c e  a t t r i b u t e d  to  d i f f e r e n c e s  
6 etw een th e  c h ro n o lo g ie s  o f  th e  c o n t r o l le d  f lo o d in g  
and p erm an en tly  f lo o d e d  a r e a  f o r  each  r in g  p a ram e te r  
when th e  in d ic e s  f o r  th e  a r e a s  a r e  combined f o r  th e  
a n a ly s i s  o f v a r ia n c e ,  1955-79 .
P a ra m e te rs  P e rc e n t V arian ce  Components
Chronology o f  S i t e s  Chronology o f  Core 
(Y ear X S i te )  C la sse s  w ith  S i te s
(Y ear X Core X S i te )
Ring W idth 4 0
Maximum Latewood 9 5
Minimum Earlywood 3 0
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Figure 10. Perm anently flooded and c o n tro lle d  flood ing  a rea  minimum earlywood (MIN EW)
























F ig u re  11. P erm anen tly  flo o d ed  and c o n t ro l le d  f lo o d in g  a re a  d e n s i ty  
d i f f e r e n c e  (DENS) in d ic e s  ch ro n o lo g y .
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a d e c re a s e  in  1948-57 and an in c re a s e  in  1964-7 9. Low v a lu e s  o ccu r on 
b o th  s i t e s  in  1953-54 and in  1973-74 .
F ig s .  12 and 13 in c lu d e  MX LW, MIN EW, and DENS co m p o site  ch rono ­
lo g ie s  f o r  b o th  s i t e s  in  1918-7 9. B ecause few er th a n  te n  sam ples 
(5 t r e e s )  w ere u sed  to  c o n s t r u c t  th e  c h ro n o lo g ie s  p r io r  to  1940, o n ly  
th e  d a ta  f o r  1940-7 9 a r e  c o n s id e re d .
The t r e n d s  in  th e  MX LW and MIN EW c h ro n o lo g ie s  a r e  s im i la r  in
-<?
th e  1 9 4 0 's  w ith  v a lu e s  p r im a r i ly  above th e  mean. The DENS ch ro n o lo g y  
i s  below th e  mean in  th e  1 9 4 0 's .  B oth  th e  MX LW and MIN EW ch ro n o ­
lo g ie s  a r e  below av e ra g e  in  th e  1 9 5 0 's ,  in c r e a s in g  around 1958. A gain , 
th e  DENS v a lu e s  a r e  low . Extrem e low  v a lu e s  o ccu r f o r  b o th  MX LW 
and MIN EW in  1963 and 1965. P eaks o ccu r in  th e  DENS ch ro n o lo g y  fo r  
th e s e  y e a r s .  A peak  in  th e  DENS ch ro n o lo g y  f o r  1974 c o rre sp o n d s  to  a 
low  MIN EW v a lu e  and an a v e ra g e  MX LW v a lu e ..  The MX LW and MIN EW 
c h ro n o lo g ie s  tr e n d  upward f o r  1977-79 , w h ile  th e  DENS ch ro n o lo g y  i s  
d e c l in in g .
D isc u ss io n
As f o r  m icro  s i t e  A in  th e  c o re  ty p e  s tu d y , no s i g n i f i c a n t  d i f ­
f e r e n c e s  due to  c a r d in a l  d i r e c t i o n  w ere found f o r  any  o f  th e  r in g  
p a ra m e te rs  on e i t h e r  s i t e .  The mean v a lu e  f o r  1955-7 9 o f  th e  RW, MX 
LW, MIN EW, and DENS were compared ( s o u th ,  e a s t ,  and w est sam ples) w ith  
an  ANOVA.
V a r i a b i l i t y  S t a t i s t i c s . When th e  MN SENS, SD, and AUTCORR a r e  
p lo t te d  f o r  each  r in g  c h a r a c te r  on each  s i t e ,  th e  p a t t e r n  i s  th e  same 
f o r  b o th  (F ig . 1 4 ) . The h ig h e s t  v a lu e  f o r  MN SENS and SD i s  c a lc u la te d  































Figure 12. Perm anently flooded and c o n tro lle d  flo o d in g  a re a s  combined minimum earlywood (MIN EW)
















Figure 13. Perm anently flooded and c o n tro lle d  flo o d in g  sites-com bined  d e n s ity  d if fe re n c e  
(DENS) in d ic e s  chronology, 1918-79.
72
Mean 
S e n s i t i v i t y
S tan d a rd
D e v ia tio n
F i r s t  O rder 




g a g CO•S g COas





P erm anen tly  F looded S i t e
f ig u re  14. A verage mean s e n s i t i v i t y ,  s ta n d a rd  d e v ia t io n  and f i r s t  
o rd e r  a u to c o r r e la t io n ,  1955-79, f o r  th e  sam ples o f b o th  
a r e a s  f o r  r in g  w id th  (RW), maximum la tew ood  (MX LW), 
minimum earlyw ood (MIN EW), and d e n s i ty  d i f f e r e n c e  
(DENS).
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d e n s i ty  p a ram ete r (DENS) produced a  more v a r i a b le  d e n s i ty  ch ro n o lo g y .
MX LW I s  s l i g h t l y  l a r g e r  th a n  MIN EW f o r  MN SENS and s l i g h t l y  l e s s  f o r  
SD. The r e l a t i o n s h i p  o f  th e  r in g  c h a r a c te r s  to  each  o th e r  changes 
when th e  a v e ra g e  AUTCORR v a lu e s  a r e  p l o t t e d .  MIN EW a p p e a rs  to  have 
more low  fre q u e n c y  v a r ia n c e ,  a s  In d ic a te d  by th e  h ig h  AUTCORR on th e  
c o n t ro l le d  f lo o d in g  ( .6 3 )  and th e  p erm an en tly  f lo o d ed  ( .4 6 )  a r e a s .  RW, 
MX LW, and DENS fo llo w  In  d escen d in g  o r d e r .  The sam ple In d ic e s  o f 
th e  p erm an en tly  f lo o d ed  a re a  have h ig h e r  o r  e q u a l a v e ra g e s  f o r  MN SENS, 
SD, and AUTCORR In  a l l  r in g  c h a r a c te r s  when compared to  th e  c o n t ro l le d  
f lo o d in g  a r e a ,  w ith  th e  e x c e p tio n  o f  th e  AUTCORR f o r  MIN EW on th e  
c o n t ro l le d  f lo o d in g  a r e a .
The s t a t i s t i c s  o f th e  combined c h ro n o lo g ie s  (1955-7 9) o f  th e  
fo u r  r in g  p a ra m e te rs  show th e  same tre n d  a s  th e  sam ples. The RW 
ch ro n o lo g y  h a s  th e  h ig h e s t  MN SENS. T h is  tr e n d  a g re e s  w ith  th e  d a ta  o f 
Schw eingruber e t  a l .  (1 9 7 8 ), and C leaveland  (1 9 7 5 ), but I s  th e  r e v e r s e  
o f t h a t  found by P a rk e r  and Henoch (1 9 7 1 ). Only Schw eingruber e t  a l .  
(1978) and C leaveland  (1975) l i s t  th e  MN SENS f o r  RW, MX LW, and MIN 
EW. Schw eingruber e t  a l .  (1978) show th e  e x a c t tre n d  a s  t h i s  s tu d y , 
w h ile  C leaveland  (1975) i n d i c a te s  t h a t  th e  MN SENS f o r  MIN EW i s  g r e a te r  
th a n  f o r  MX LW. The h ig h e r SD f o r  th e  RW ch rono logy  th a n  f o r  th e  
d e n s i ty  c h ro n o lo g ie s  i s  su p p o rted  by th e  work o f C leaveland  (1975) and 
Schw eingruber e t  a l .  (1 9 7 8 ). An AUTCORR f o r  th e  MX LW ch ro n o lo g y  low er 
th a n  f o r  RW a g re e s  w ith  o th e r  s tu d ie s  (P a rk e r  and Henoch, 1971; 
C le av e la n d , 1975, Schw eingruber e t  a l . ,  1978; and Conkey, 1979). The 
d a ta  f o r  AUTCORR d i f f e r s  from com parab le  s tu d ie s  f o r  MIN EW, however. 
C leaveland  (1975) and Schw eingruber et^ a l . (1978) r e p o r t  h ig h e r AUTCORR
f o r  RW th a n  MIN EH. The r e v e r s e  i s  t r u e  h e re . The lo w e s t AUTCORR i s  
f o r  th e  DENS ch ro n o lo g y  w hich d o es  n o t ap p ea r in  o th e r  s tu d ie s .
C ross C o r r e la t io n  A n a ly s is . The XCORR a n a l y s i s  y i e ld s  s i g n i f i ­
c a n t ( .0 5 )  v a lu e s  f o r  s e v e ra l  o f th e  RW c o m p ariso n s , bu t MX LH, MIN 
EH, and DENS do n o t p roduce s i g n i f i c a n t  v a lu e s  when an av e ra g e  o f  a l l  
p o s s ib le  c o r r e l a t i o n s  i s  computed f o r  th e  in d ic e s  o f  eac h  sam ple. The 
mean c o r r e l a t i o n  v a lu e  f o r  th e  com parison  o f  two sam ples o f  th e  same 
t r e e  i s  n o t s i g n i f i c a n t  f o r  any  o f th e  r in g  p a ra m e te rs .  When th e  two 
sam ples o f  a  t r e e  a r e  averag ed  to  c o n s t r u c t  one s e r i e s  f o r  each  t r e e ,  
and c o r r e l a te d  w ith  th e  s e r i e s  o f a l l  o th e r  t r e e s ,  a  s i g n i f i c a n t  mean 
v a lu e  i s  o b ta in e d  f o r  th e  RW o f th e  perm an en tly  f lo o d e d  a r e a  o n ly . 
C o r r e la t io n s  a r e  h ig h e r  f o r  th e  p e rm an en tly  f lo o d ed  a r e a  f o r  a l l  r in g  
p a ra m e te rs .
One c o r r e l a t i v e  r e l a t i o n s h ip  a p p e a rs  c o n s i s te n t  f o r  a l l  r in g  
p a ra m e te rs . The l a r g e s t ,  p o s i t i v e  c o r r e l a t i o n  among a l l  sam ples on 
th e  p erm an en tly  f lo o d ed  a r e a  i s  f o r  th e  two sam ples o f  t r e e  10 f o r  th e  
RW, MIN EW, and DENS in d ic e s .  I t  was one o f  th e  l a r g e s t  f o r  th e  MX LW 
in d ic e s .  S tan d in g  in  th e  d e e p e s t w ate r m easured f o r  b o th  a r e a s ,  t h i s  
t r e e  i s  th e  m ost i s o la te d  from n e ig h b o rin g  t r e e s  and co u ld  be con­
s id e re d  th e  m ost d i s tu r b e d .  A lthough th e  t r e e s  th ro u g h o u t th e  s i t e  
were c r o s s d a ta b le ,  i t  a p p e a rs  th a t  o n ly  a  t r e e  such  a s  t r e e  10, grow ing 
presum ably  un d er g r e a te r  s t r e s s  a n d /o r  more i s o l a t e d ,  w i l l  y ie ld  l a r g e  
c o r r e l a t i o n  v a lu e s  among sam p les. T h is  i s  in  ag reem ent w ith  P h ip p s ' 
(1978) f in d in g s  in  th e  D ism al Swamp; th e  t r e e s  w hich were th e  e a s i e s t  
to  c r o s s d a te  were grow ing o u t in  th e  open w ate r o f  th e  la k e .  However, 
Munson (1971) found th a t  th e  c y p re s s  grow ing o u t in  H orseshoe Lake
n e a r  C a iro , I l l i n o i s  y ie ld e d  sam ples w hich w ere che m ost d i f f i c u l t  to  
c r o s s d a te .
P e rc e n t C hronology V a r ia n c e . The VC a t t r i b u t e d  to  th e  t o t a l  
ch ro n o lo g y  i s  g r e a t e r  on th e  p e rm a n en tly  f lo o d e d  a r e a  f o r  a l l  fo u r  
r in g  c h a r a c te r s  (T ab le  1 9 ) . The VC due to  t r e e  com ponents i s  g r e a t e r  
on th e  c o n t r o l le d  f lo o d in g  a r e a  f o r  a l l  fo u r  c h a r a c te r s .
In  d e scen d in g  o rd e r  f o r  th e  two s i t e s ,  th e  c h a r a c te r s  w ith  th e  
g r e a t e s t  p e rc e n t a t t r i b u t a b l e  to  th e  t o t a l  ch ro n o lo g y  a r e  RW, MX LW, 
DENS, and MIN EW. The VC f o r  th e  t o t a l  MIN EW ch ro n o lo g y  o f th e  con­
t r o l l e d  f lo o d in g  a r e a  i s  z e ro .  The h ig h e s t  VC f o r  th e  c o re  c h ro n o lo g ie  
in  a l l  c a s e s  ra n g in g  from  48 to  93 p e r c e n t .  The VC f o r  c o re  c l a s s e s  
ap p ro x im a te s  ze ro  f o r  a l l  bu t th e  DENS and MX LW in d ic e s  o f  th e  p e r ­
m an en tly  f lo o d e d  a r e a .
The t r e e  r in g  ANOVA ( F r i t t s ,  1976) i s  used  by many i n v e s t ig a t o r s  
to  a s s e s s  th e  f i t n e s s  o f  a  s i t e  f o r  c l im a t ic  i n t e r p r e t a t i o n s .  A pplying 
t h i s  g u id e l in e ,  th e  p erm an en tly  f lo o d e d  a re a  i s  more d e s i r a b l e  f o r  t h i s  
ty p e  o f  s tu d y  th a n  th e  c o n t r o l le d  f lo o d in g  a r e a  f o r  a l l  r in g  p a ra m e te rs  
The d i f f e r e n c e s  in  th e  VC due to  t r e e  com ponents su g g e s t t h a t  an 
e c o lo g ic a l  s tu d y  o f th e  c o n t r o l le d  f lo o d in g  a re a  r e q u i r e s  sam pling a 
g r e a t e r  number o f  t r e e s  th a n  on th e  p e rm an en tly  f lo o d e d  a r e a .
P e rc e n t o f  C hronology V arian c e  A t t r i b u ta b l e  to  S i t e . When th e  
in d ic e s  f o r  th e  two s i t e s  a r e  combined f o r  th e  ANOVA, an  a d d i t io n a l  
p a r t i t i o n i n g  o f  th e  ch ro n o lo g y  v a r ia n c e  y ie ld s  a  VC due to  d i f f e r e n c e s  
in  th e  two s i t e s  and d i f f e r e n c e s  due to  th e  c h ro n o lo g ie s  o f  c o re  
c l a s s e s  w ith  s i t e s  (T ab le  18 a b o v e ) . The l a r g e s t  VC f o r  th e  s i t e s  
c h ro n o lo g ie s  , in  d e scen d in g  o r d e r ,  i s  f o r  MX LW, fo llo w ed  by DENS, RW,
Table 19. Comparison o f Che p e rce n t chronology v a ria n c e  a t t r ib u t a b le  to  each component fo r  th e  a n a ly s is  
of v a ria n ce  fo r  th e  in d ic e s  o f each a re a , 1955^79.


















D iffe ren ce
Year (Y) 22 2 0 2 44 14 7 13
Tree (T) X Y 21 25 29 10 8 0 0 7
Core (C) X Y 0 0 0 0 0 5 0 1




and MIN EW in d ic e s .  I f  Che VC f o r  s ic e  w ere l a r g e r ,  MX LW and DENS 
co u ld  be c o n s id e re d  a s  more u s e f u l  p a ram ecers  f o r  eva luaC ing  s ic e  
d i f f e r e n c e s .  The VC f o r  siC e i s  v e ry  sm all f o r  a l l  fo u r  param eC ers, 
how ever.
Com parison Along Time Continuum . A com parison  o f  Che RW, MX LW, 
MIN EW, and DENS c h ro n o lo g ie s  combined f o r  boCh a r e a s  in d ic a c e s  t h a t  
reduced  d e n s i ty  (MX LW and MIN EW) o c c u rs  in  extrem e y e a r s .  Below 
av e ra g e  MX LW and MIN EW o ccu r in  y e a r s  w ith  below av e ra g e  RW and 
y e a r s  w ith  above a v e ra g e  RW. N arrow er, d e n se r  r in g s  w ith  a more 
u n ifo rm  p r o f i l e  a r e  p lo t te d  f o r  1941-42 and a g a in  in  1977-79. Narrow, 
more u n ifo rm  grow th  r i n g s ,  w hich a r e  g r e a t l y  reduced  in  o v e r a l l  d e n s i ty ,  
a r e  no ted  f o r  1959-63. W ider r in g s  o f red u ced  d e n s i ty  and a  more 
a b ru p t p r o f i l e  a r e  p lo t te d  f o r  1952-53, w h ile  w ider r i n g s  w ith  in ­
c r e a s in g  d e n s i ty  a r e  formed in  1964-7 6. The l a t t e r  p e r io d  i s  a  tim e 
o f r e le a s e d  ( la r g e  in c re a s e )  g ro w th . The t r e n d s  e v id e n t in  th e  RW and 
DENS in d ic e s  c h ro n o lo g ie s  su g g e s t t h a t  n arro w er r i n g s  a r e  more un ifo rm  
in  d e n s i ty ,  w h ile  wide r in g s  have a  more a b ru p t p r o f i l e .  When th e  
change in  r in g  p r o f i l e  (DENS) i s  due to  an in c re a s e  in  MX LW, a 
re a s o n a b le  e x p la n a tio n  i s  th a t  c o n d i t io n s  w hich y ie ld  a  wide g row th  
r in g  a l s o  a l lo w  th e  p ro d u c tio n  o f  h ig h  am ounts o f  p h o to s y n th a te s  to  
c o n t r ib u te  to  latew ood c e l l  d e n s i ty  (L a rso n , 1962). O v e ra ll th e  d a ta  
su g g es t t h a t  MX LW and MIN EW a r e  v a ry in g  to g e th e r  (F ig . 10) w ith  th e  
g r e a t e s t  change in  DENS due to  changes in  MX LW.
C hap ter 5
STUDY OF A DOCUMENTED SITE DISTURBANCE AND CLIMATE
Change In  H ydro logy , 1970
E xam ination  o f  maps and c o u r th o u s e  r e c o rd s  a s  w e ll a s  c o n v e r s a t io n s  
w ith  l o c a l  lan d o w n ers , helped  to  shape th e  a ssu m p tio n  th a t  th e  h i s to r y  
o f  d is tu r b a n c e  and impoundment was s im i la r  f o r  th e  c o n t r o l le d  f lo o d in g  
a re a  and th e  p e rm an en tly  f lo o d e d  a r e a  u n t i l  1970 (C h ap te r 1 ) .  In  1970 
w ater l e v e l s  w ere a l t e r e d  on th e  c o n t ro l le d  f lo o d in g  s i t e  f o r  craw ­
f i s h  p ro d u c tio n . The s i t e  was re tu rn e d  to  s e a so n a l f lo o d in g ;  i t  i s  
f lo o d e d  in  th e  f a l l  and d ra in e d  in  th e  s p r in g  (Conner e t  a l . ,  1981).
In  t h i s  s tu d y  th e  p e rm an en tly  f lo o d ed  a re a  i s  u sed  a s  th e  e x p e rim e n ta l 
c o n t ro l  to  s tu d y  th e  e f f e c t s  o f  th e  a l t e r e d  hydro logy  on th e  t r e e s  o f 
th e  c o n t r o l le d  f lo o d in g  a r e a .
The sequence o f  docum ented e v e n ts  i s  in d ic a te d  on th e  p lo t  o f  th e  
c o n t r o l le d  f lo o d in g  a re a  ch ro n o lo g y  in  F ig . 15. A lthough  th e  t r e n d s  in  
th e  g ra p h  have n o t been proved a t t r i b u t a b l e  to  th e  m an-induced d i s t u r ­
b an ce s , i t  i s  i n t e r e s t i n g  th a t  th e r e  i s  an  in c re a s e  in  g row th  a f t e r  th e  
ev en t m a rk e rs  f o r  1924, 1930, 1961-69 , and 1971. These in c r e a s e s ,  e s ­
p e c i a l l y  t h a t  n o te d  from 1964-77 , a r e  l i k e l y  due to  a  r e l e a s e  in  d i a ­
m e te r g row th  caused  by th in n in g .  I t  i s  l o g i c a l  t h a t  c o n t r a c to r s  to o k  
a d v an tag e  o f  r e l a t e d  a c t i v i t i e s  in  th e  swamp to  remove tim b e r  a s  w e ll .
D ata A n a ly s is . The RW and d e n s i ty  d a ta  a r e  an a ly zed  f o r  1961-7 0 
v s .  1970-79. D if f e re n c e s  between th e  s i t e s  in  th e  amount o f grow th  fo r
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Che two p e r io d s  a r e  compared u s in g  mean RW and b a s a l  a re a  in c re a s e s  
(T ab le  2 0 ) .  The v a r i a b i l i t y  in  th e  d a ta  on each  s i t e  i s  in v e s t ig a te d  
by com paring th e  SE, SD, and v a r ia n c e  (S^) c a lc u la te d  f o r  th e  sam ples 
o f  eac h  y e a r  (A ppendix D ). The so u rc e s  o f  th e  v a r ia n c e  a r e  In sp e c te d  
u s in g  th e  t r e e  r in g  ANOVA ( F r i t t s ,  1976).
A th r e e  f a c t o r ,  p a r t i a l l y  h ie r a r c h a l  ANOVA (W iner, 1971) i s  
used  to  d e te rm in e  i f  any o f  th e  r in g  p a ra m e te rs  i s  s i g n i f i c a n t l y  
a f f e c te d  by e i t h e r  s i t e  o r  tim e p e r io d  (p re -c h a n g e  -  1961-70 and 
p o s t-c h a n g e  -  197 0 -7 9 ). The model i s  s i t e ,  t r e e  ( s i t e ) ,  p e r io d ,  
s i t e  x p e r io d  (T ab le  2 1 ) . The MN RW ANOVA in d i c a te s  a s ig n i f i c a n t  
d i f f e r e n c e  in  th e  two tim e  p e r io d s .  S i t e  and th e  s i t e  x p e r io d  i n ­
t e r a c t i o n  a r e  n o n - s ig n i f i c a n t .
T h is  m odel a c c o u n ts  f o r  93% o f  th e  t o t a l  sum o f sq u a re s . The 
g r e a t e s t  p e rc e n ta g e  v a r i a t i o n  acco u n ted  f o r  (8 9%) i s  a t t r i b u t e d  to  
t r e e  ( s i t e ) .  T h is  v a lu e  s u g g e s ts  t h a t  th e  t r e e s  sam ple v a ry  g r e a t ly  
w ith in  s i t e s .  Thus, th e  d i f f e r e n c e  in  MN RW f o r  th e  two tim e  sp an s 
i s  in d ep en d en t o f  s i t e ,  bu t d ependen t on th e  t r e e s  w ith in  th e  s i t e s .  
S ince  th e  tim e  p e r io d  a f f e c t s  th e  two s i t e s  e q u a l ly ,  th e  r e l e a s e  in  
th e  m id -1 9 6 0 's  and ag in g  may be th e  c a u s e s .  MN RW i s  exp ec ted  to  d e ­
c r e a s e  w ith  in c re a s e d  age o f  th e  t r e e .  The age tre n d  I s  a t  l e a s t  
p a r t i a l l y  e l im in a te d  when th e  raw  v a lu e s  a r e  c o n v e rted  to  IND. None o f 
th e  f a c t o r s  a r e  m easured a s  s ig n i f i c a n t  f o r  th e  IND. None o f th e  f a c ­
t o r s  a r e  s i g n i f i c a n t  f o r  e i t h e r . t h e  raw  o r  smoothed d e n s i ty  v a lu e s  
f o r  t h i s  ANOVA model (T ab le  2 1 ) .
The ANOVA used  above i s  l im i te d  to  s i t u a t i o n s  in  w hich i n t e r a c ­
t i o n s  betw een s i t e  x t r e e  ( s i t e )  and s i t e  x t r e e  ( s i t e )  x p e r io d  can
Table 20. Mean r in g  w idth and b asa l a re a  in c re a se s  fo r  1961-70 and 1970-79 fo r  th e  c o n tro lle d  floo d in g  
and perm anently flooded  a re a s .
C on tro lled  Flooding Area Perm anently Flooded Area
1961-70 1970--79 1961-70 1970-79
Mean Basal Mean Basal Mean Basal Mean B asal
Ring Area Ring Area Ring Area Ring Area
Width In c rease Width In c rea se Width In c rease Width In c rea se
Sample (mm) (s q . cm) (mm) (sq . cm) Sample (mm) (sq . cm) (mm) (sq . cm)
6-41 4.23 439.26 2.67 350.79 1-42 4.27 525.65 3.14 554.02
6-42 2.32 181.31 4.13 522.80 1-31 2.67 398.89 2.35 417.59
7-31 4.89 368.25 3.01 304.17 2-42 7.71 972.86 5.29 928.72
7-41 3.58 288.14 2.52 259.47 2-41 5.90 791.56 4.92 876.78
8-41 3.04 371.07 3.42 540.54 3-31 3.91 443,91 3.96 661.83
8-21 2.64 300.95 2.90 485.16 3-21 4.73 659.85 2.40 407,68
9-41 7.31 888.05 6.61 1140.69 4-41 5,17 679.73 3,36 563,82
9-42 6.44 750.03 6.07 988.63 4-21 3.54 458.75 3.69 611.49
11-42 3.09 290.82 3.43 447.42 5-41 6.10 862.51 3,98 742.61
11-31 4.75 422.90 4.50 559.97 5-31 4.67 686.64 3.17 599.73
12-22 4.52 795.64 3.81 843.21 9-21 7.21 554.92 6.94 871.70
12-42 2.43 476.38 2.45 547.61 9-41 5.95 496.53 6.25 800.46
13-31 4 .19 690.33 4.11 874.13 10-21 3.87 267,89 4.49 534.82
13-21 3.35 598.49 2.77 591.38 10-41 2.64 233.60 2.95 363.77
Mean 4.06 490.12 3.74 603.99 Mean 4.88 573.81 4.06 638.22
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T ab le  21 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
v s .  p e rm an en tly  f lo o d e d  a r e a s ,  p r e -  (1961-70) and p o s t ­
change (1970-79) u s in g  a  th r e e  f a c t o r ,  p a r t i a l l y  h i e r -  
a r c h a l  d e s ig n  a f t e r  W iner (1 9 7 1 ).
Un smoothed V alues Smoothed V alues ( In d ic e s )
D egrees
o f Sums o f Sums o f
S ource Freedom S quares F S quares F
Ring W idth
S i t e  (S) 1 2 .3086 0 .7 0 .0059 0 .35
T ree (T ) /  S 12 38.7757 0.2016
P e r io d  (P) 1 2 .2516 8.47*** 0.0061 0 .36
S X P 1 0.4425 1 .66 0.0019 0.11
T/S X P 12 3.1897 0.2017
Maximum Latewood
S i t e  (S) 1 0 .0440 2 .1 0 0.0001 0 .4 6
T ree  (T ) / S 12 0.2508 0.0392
P e r io d  (P) 1 0 .0034 3 .2 2 0.0029 4 .11
S X P 1 0.0004 0.41 0.0007 0.97
T/S X P 12 0.0120 0.0085
Minimum Earlywood
S i t e  (S) 1 0.0869 3.67 0.0021 0 .28
T ree  (T )/S 12 0 .2840 0.0915
P e r io d  (P) 1 0 .0070 0 .3 6 0.0018 0 .61
S X P 1 0.0028 1.45 0.0065 2 .18
T /S  X P 12 0.0231 0 .0356
D en s ity  D if fe re n c e
S i t e  (S) 1 0 .0124 1.62 0.0071 0 .8 8
T ree (T )/S 12 0.0929 0.0973
P e rio d  (P) 1 0 .0013 1 .34 0.0178 1.88
S X P 1 0.0003 0 .3 0 0.0035 0.37
T/S X P 12 0.0116 0.1133
* a P * .05 F .05 (1 , 12) = 4 ‘75
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be c o n s id e re d  n e g l ig ib l e .  S in ce  no p re c e d e n t I s  a v a i l a b l e ,  an  a d d i­
t i o n a l  two-way ANOVA d e s ig n ,  w ith  In c re a se d  d e g re e s  o f  freedom , was 
a l s o  u sed  f o r  com parison . The model i s  a s  fo l lo w s : s i t e ,  p e r io d ,
s i t e  x  p e r io d  (T ab le  2 2 ) . None o f  th e  f a c t o r s  was s ig n i f i c a n t  f o r  
e i t h e r  th e  unsm oothed RW o r  th e  IND a n a l y s i s .  T h is  model w hich d id  
n o t In c lu d e  v a r i a t i o n  a s s o c ia te d  w ith  th e  t r e e s  w ith in  a  s i t e  
acco u n ted  f o r  v e ry  l i t t l e  o f  th e  v a r i a t i o n  in  th e  d a ta  (unsm oothed RU, 
11%; in d i c e s ,  3%). The two ANOVA r e s u l t s  a r e  co m p a tib le  f o r  RW. I t  
i s  I n f e r r e d  from  b o th  th a t  th e  d i f f e r e n c e s  in  th e  mean RW a s  w e ll a s  
th e  IND a r e  d ependen t on th e  t r e e s  w ith in  th e  s i t e s  and n o t upon th e  
s i t e s .
The unsmoothed v a lu e s  o f  th e  th r e e  d e n s i ty  p a ra m e te rs  do n o t 
d i f f e r  s i g n i f i c a n t l y  f o r  th e  two p e r io d s ,  bu t d i f f e r  s i g n i f i c a n t l y  be­
tw een s i t e s .  The MX LW and MIN EW a r e  g r e a t e r  on th e  c o n t ro l le d  f lo o d ­
in g  a r e a .  S i te  a p p e a rs  to  a f f e c t  th e  two tim e  p e r io d s  e q u a l ly ,  
b ecau se  th e r e  i s  n o . ev id en ce  o f  s i t e  x p e r io d  i n t e r a c t i o n .  T h is  
r e s u l t  m igh t be caused  by th e  age o f  th r e e  o f  th e  t r e e s ,  m ic r o s i te  C, 
m easured on th e  c o n t ro l le d  f lo o d in g  a r e a .  These t r e e s  a r e  a t  l e a s t  te n  
y e a r s  o ld e r  th a n  any  sampled on th e  p erm an en tly  f lo o d ed  a r e a  (T a b le s  
9 and 10 above) and la tew ood d e n s i ty  has  been shown to  in c re a s e  w ith  
ag e  (S p u rr and H isung , 1954). T h is  t r e n d  i s  e l im in a te d  when th e  d e n s i ty  
v a lu e s  a r e  c o n v e rted  to  IND. The mean IND do n o t d i f f e r  s i g n i f i c a n t l y  
betw een s i t e s  o r  p e r io d s .
The unsm oothed DENS v a lu e s  a r e  g r e a t e r  f o r  th e  perm an en tly  f lo o d ed  
a r e a .  The r in g  p r o f i l e  on th e  p erm an en tly  f lo o d ed  a re a  i s  more a b ru p t;  
th a t  i s ,  a  g r e a te r  d i f f e r e n c e  e x i s t s  between th e  MX LW and MIN EW
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T ab le  22 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
v s .  p e rm an en tly  f lo o d e d  a r e a s ,  p r e -  (1961-70) and p o s t ­
change (1970-79) u s in g  a two way d e s ig n .
Unsmoothed V alues Smoothed V alues ( In d ic e s )
D egrees
o f Sums o f Sums o f
S ource Freedom S quares F S quares F
Ring W idth
S i t e  (S) 1 4 .600 2 .27 .0118 .435
P e rio d  (P) 1 4.747 2.21 .0122 .450
S X P 1 0 .893 0 .44 .0038 .141
E rro r 52 105.292 1.4071
Maximum Latewood
S i t e  (S) 1 .080 4 .0 8 * .0003 .097
P e r io d  (P) 1 .010 .51 .0054 1.735
S X P 1 .000 .00 .0013 .418
E r ro r 52 1.020 .1619
Minimum Earlywood
S i t e  (S) 1 .180 9 .45* .0000
P e r io d  (P) 1 .000 .00 .0000
S X P 1 .010 .53 .0200 3 .060
E rro r 52 .990 .3400
D en s ity D if fe re n c e
S i t e  (S) 1 .021 3 .46* .0143 1.650
P e rio d  (P) 1 .002 .33 .0356 2 .980
S X P 1 .001 .16 .0069 .579
E rro r 52 .316 .6207
* = P -  .05 F . 05 (1 ,5 2 )  "  3 *17
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v a lu e s  f o r  eac h  y e a r .  The r in g s  studied in  th e  c o n t r o l le d  f lo o d in g  a re a  
ap p ea r to  be c h a r a c te r iz e d  by h ig h e r  d e n s i ty ,  bu t a  f l a t t e r  p r o f i l e .
As f o r  RV, MX LW and MIN EU in d ic e s ,  th e  DENS in d ic e s  do n o t d i f f e r  
s i g n i f i c a n t l y  f o r  th e  two s i t e s  o r  p e r io d s .
B asa l Area C om parisons. The volum e o f  wood added each  y e a r  i s  
n o t j u s t  a fu n c t io n  o f  RH, but o f  th e  c irc u m fe re n c e  and h e ig h t  o f  th e  
stem  a s  w e ll (P h ip p s , 1967). A t r e e  may have a  narrow  r i n g ,  b u t ,  due 
to  i t s  la r g e  c irc u m fe re n c e , th e  amount o f  wood l a i d  down w ith in  th e  
y e a r  i s  much g r e a t e r  th a n  f o r  a n o th e r  t r e e  w ith  a  wide g row th  band 
bu t sm all c irc u m fe re n c e . B asa l a re a  ( th e  a re a  o f  th e  c i r c l e  a p p ro x i­
m ated by th e  t ru n k  o f  th e  t r e e )  d o es  c o n s id e r  th e  c irc u m fe re n c e . The 
b a s a l  a re a  in c re a s e  p e r t r e e  on th e  p erm an en tly  f lo o d e d  s i t e  i s  
s l i g h t l y  l a r g e r  th a n  on th e  c o n t r o l le d  f lo o d in g  s i t e  f o r  b o th  p e r io d s ;  
th e  in c re a s e  in  th e  b a s a l  a re a  i s  l a r g e r  f o r  197 0-7 9 th a n  1961-70 on 
b o th  s i t e s ,  bu t th e  d i f f e r e n c e s  a r e  n o t s ig n i f i c a n t  (T ab le  2 0 ) .
When compared to  th e  c o n t ro l le d  f lo o d in g  a r e a ,  c u r r e n t  dend rom eter 
d a ta  (Conner e t  a l . ,  1981) from  th e  a r e a s  show a  s l i g h t l y  l a r g e r  i n ­
c r e a s e  in  b a sa l a re a  f o r  th e  p erm an en tly  f lo o d ed  a r e a .  T h is  d i f f e r e n c e  
cou ld  be a t t r i b u t a b l e  to  s e v e ra l  f a c t o r s  in c lu d in g  age and stem  d e n s i ty .  
The c o n t ro l le d  f lo o d in g  s i t e  has th e  g r e a te r  stem  d e n s i ty  (Conner e t  
a l . ,  1981) and th e  t r e e s  sampled on th e  p e rm an en tly  f lo o d ed  a re a  have 
a sm a lle r  mean d ia m e te r  (5 2 .9  cm) th a n  th o s e  sampled on th e  c o n t ro l le d  
f lo o d in g  a re a  (5 8 .6  cm) and a r e  a p p ro x im a te ly  te n  y e a r s  younger (T a b le s  
9 and 10) .
Mean In d e x /S ta n d a rd  E rro r  R a t io . The MN IND and SE f o r  each  y ea r 
o f  th e  c h ro n o lo g ie s  o f  th e  two a r e a s  f o r  1961-7 9 were c a lc u la te d
(Appendix D ). F r l t t s  (1976) h a s  found th a t  th e  SE f o r  th e  MN IND o f 
some c h ro n o lo g ie s  i s  h ig h ly  c o r r e l a t e d  to  th e  MN IND. He th e o r i z e s  
t h a t  w ider r i n g s ,  form ed in  y e a r s  in  ixhich th e  c l im a te  i s  l e s s  l im i t in g  
to  g ro w th , a r e  more l im i te d  by s i t e  c o n d i t io n s  th a n  by m a c ro c lim a te . 
T h e re fo re , th e  r in g s  formed in  a  good grow th  y e a r  a r e  more v a r i a b le  
among sam p les, y ie ld in g  a  g r e a t e r  SE an d , a s  F r i t t s  (1976) s t a t e s ,  l e s s  
p r e c i s io n  in  th e  index  f o r  m a c ro c llm a tic  i n t e r p r e t a t i o n .  A s i g n i f i ­
c a n t  c o r r e l a t i o n  e x i s t s  betw een MN IND and i t s  SE f o r  th e  p erm an en tly  
f lo o d ed  a r e a  f o r  1952-61 ( .7 4 ) ,  1961-70 ( .7 9 ) ,  and 1970-79 ( .9 4 ) .  The 
c o r r e l a t i o n  v a lu e s  f o r  th e  c o n t ro l le d  f lo o d in g  a re a  a r e  s ig n i f i c a n t  
f o r  1952-61 ( .6 5 )  and 1961-70 ( .7 5 ) ,  bu t n o t f o r  1970-79 ( .5 8 ) .  When 
th e  MN IND i s  p lo t te d  over SE th e  la c k  o f  a  s ig n i f i c a n t  c o r r e l a t i o n  
between MN IND and SE f o r  1970-79 on th e  c o n t ro l le d  f lo o d in g  a re a  
a p p e a rs  to  be p r im a r i ly  due to  th e  v a lu e s  f o r  1971, 1973, 1974, and 
1977 (F ig . 1 6 ) . The MN IND f o r  1971 i s  below  a v e ra g e , w h ile  t h a t  f o r  
SE i s  above. The MN IND f o r  1973, 1974, and 1977 a r e  above a v e ra g e , 
w h ile  th e  SE i s  below .
As s ta te d  above, th e  h ig h e r th e  MN IND, f o r  a y e a r  o f  th e  
ch ro n o lo g y  from  1961-7 9, th e  h ig h e r th e  SE, ex cep t f o r  1970-79 , on 
th e  c o n t r o l le d  f lo o d in g  a r e a .  T h is  d i s t i n c t i o n  i s  augm ented by th e  
f a c t  t h a t  SE and MN IND a r e  more h ig h ly  c o r r e l a te d  f o r  1970-7 9 th a n  
1961-70 on th e  perm anen tly  f lo o d ed  a r e a .  I f  F r i t t s '  (1976) i n t e r p r e ­
t a t i o n  i s  c o r r e c t ,  th e  grow th  c l im a te  on th e  c o n t ro l le d  f lo o d in g  a r e a  
i s  a p p a re n t ly  a m e lio ra te d  by th e  a l t e r a t i o n  in  h y d ro lo g y , b ecau se  th e  
t r e e s  a r e  re sp o n d in g  s im i la r l y  in  good grow th  y e a r s .




































F ig u re  16. The mean index  (MN IND) p lo t te d  o v e r th e  s ta n d a rd  e r r o r  (SE) 
f o r  eac h  y ear o f th e  c o n t ro l le d  f lo o d in g  and perm an en tly  
flo o d ed  a r e a s ,  1961-7 9.
v a r i a t i o n  between s i t e s  th a n  th e  o th e r  r in g  p a ra m e te rs ,  th e  MN IND/SE 
com parison  was a l s o  t r i e d  f o r  MX LW. I n t e r p r e t a t i o n  o f  th e  r e s u l t s ,  i f  
s im i la r  to  th o s e  f o r  RW, was n o t exp ec ted  to  be c l e a r - c u t .  In  f a c t ,  
b o th  a r e a s  showed a  n e g a t iv e  c o r r e l a t i o n  f o r  MN MX LW IND w ith  SE 
f o r  1961-70 and a  p o s i t i v e  c o r r e l a t i o n  f o r  1970-79. Thus, a d d i t io n a l  
in s ig h t  in to  s i t e  d i f f e r e n c e s  was n o t o b ta in e d .
V arian c e  Components A n a ly s is . The t r e e  r in g  ANOVA was used  to  
e s t im a te  th e  p e rc e n t VC f o r  b o th  s i t e s ,  p r e -  and p o s t-c h a n g e  (T ab le  2 3 ) . 
The VC f o r  y e a r s  i s  l a r g e r  f o r  th e  p e rm an en tly  f lo o d e d  a r e a  th a n  f o r  
th e  c o n t r o l le d  f lo o d in g  a r e a  p re -ch an g e  f o r  a l l  fo u r  r in g  p a ra m e te rs . 
T h is  f in d in g  r a i s e s  some d o u b ts  ab o u t th e  i n i t i a l  a ssu m p tio n  f o r  th e  
com p ariso n , i . e .  t h a t  th e  two a r e a s  w ere th e  same u n t i l  1970. The 
VC show an in c re a s e  in  th e  d i f f e r e n c e  among t r e e  c h ro n o lo g ie s  p o s t ­
change on th e  c o n t r o l le d  f lo o d in g  a re a  f o r  th e  RW IND, bu t a d e c re a s e  
f o r  th e  MX LW, MIN EW, and DENS in d ic e s .  The o n ly  s h i f t ,  however, 
w hich m igh t be a t t r i b u t e d  to  th e  change in  h y d ro lo g y  i s  t h a t  f o r  MX LW. 
The t r e n d s  f o r  RW, MIN EW, and DENS were s im i la r  on th e  perm an en tly  
f lo o d e d  a r e a .  The change in  h y d ro lo g y  i s  p ro d u c in g  a  MX LW ch rono logy  
w hich i s  more homogeneous among t r e e s  and more s e n s i t i v e  to  th e  m acro­
c l im a te .
The VC f o r  th e  t o t a l  y e a r s  o r  c l im a t ic  component was low  f o r  th e  
d e n s i ty  d a ta  and c o n s i s t e n t ly  low er th a n  RW (T ab le  2 3 ) . However, th e  
VC p re -c h a n g e  f o r  DENS o f th e  p e rm an en tly  f lo o d e d  a re a  and th e  VC p o s t­
change f o r  MIN EW on th e  c o n t r o l le d  f lo o d in g  a re a  compared w ell w ith  
th e  VC p o s t-c h a n g e  f o r  RW on th e  c o n t ro l le d  f lo o d in g  a r e a .  MIN EW and 
DENS a r e  a s  good a s  RW f o r  c l im a t ic  a n a l y s i s  on a  s i t e  su ch  a s  th e
Table 23. P ercen t v a rian ce  components fo r  th e  t o t a l  chronology (y ea rs) and th e  sources which in te r a c t  
w ith  i t  fo r  the  c o n tro lle d  floo d in g  and perm anently flooded a re a s ,  p re -  (1961-70) and p o s t­
change (1970-79).*
V ariance Ring Width Maximum Latewood ■ > Minimum EarlyWpod * D ensity  D ifference
Components P re Post Pre Post Pre Post Pre Post
C on tro lled  Flooding Area
Years (Y) 26 20 0 12 0 23 1 1
Tree (T) X Y 17 24 24 15 23 9 12 3
Core (C) X Y 0 0 0 0 12 0 0 0
T X C X Y 57 56 76 73 65 68 87 96
Perm anently Flooded Area
Years (Y) 53 33 19 0 1 9 20 2
Tree (T) X Y 7 20 0 10 0 0 4 3
Core (C) X Y 0 0 7 6 10 0 1 2
T X C X Y 40 47 74 84 89 91 75 93
* Complete a n a ly s is  of v a rian ce  r e s u l t s  in  Appendix D.
c o n t ro l le d  f lo o d in g  a r e a  p o s t-c h a n g e . Of c o u rs e ,  th e  a n a ly s i s  has r e ­
p e a te d ly  shown th a t  th e  c o n t ro l le d  f lo o d in g  a re a  RW d a ta  a r e  n o t a s  
u s e f u l  a s  t h a t  o f  th e  p erm an en tly  f lo o d ed  a re a  f o r  a  c l im a t ic  s tu d y .
When b o th  s i t e s  a r e  a n a ly zed  s im u lta n e o u s ly  p r e -  and p o s t-c h a n g e , 
th e  VC a r e  c o n s i s te n t  w ith  T ab le  23 and th e  d is c u s s io n  above (A ppendix 
D ). The combined d a ta  a l lo w  added so u rc e s  o f v a r i a t i o n  due to  d i f f ­
e re n c e s  in  a re a  c h ro n o lo g ie s  a s s e s s e d .  The VC f o r  th e  s i t e  c h ro n o lo ­
g ie s  in c re a se d  f o r  RW and d e c re a se d  f o r  MX LW, MIN EW, and DENS 
p o s t-c h a n g e . Thus, th e  RW c h ro n o lo g ie s  o f  th e  c o n t ro l le d  f lo o d in g  
and p erm an en tly  f lo o d e d  a r e a s  a r e  in c r e a s in g ly  d i s s im i l a r  to  th e  change 
in  h y d ro lo g y , w h ile  th e  d e n s i ty  c h ro n o lo g ie s  a r e  In c re a s in g  in  
s i m i l a r i t y .
The MN SENS, SD and AUTCORR were c a lc u la te d  f o r  th e  RW and IND 
f o r  each  sam ple f o r  1961-70 and 1970-79. MN SENS and SD d e c re a se d  on 
b o th  a r e a s  p o s t-c h a n g e , w h ile  th e  AUTCORR in c re a se d  f o r  b o th  a r e a s .
The l a t t e r  su g g e s ts  an in c re a s e  in  th e  dependence o f  one y e a r 's  
g row th  on th e  p re c e e d in g  y e a r 's .  The change in  MN SENS, SD, and 
AUTCORR i s  co m p a tib le  w ith  th e  change in  VC p r e -  v s .  p c s t-c h a n g e  d i s ­
cu ssed  above.
C o l l a t io n . The change in  hydro logy  on th e  c o n t ro l le d  f lo o d in g  
a r e a  d id  n o t p roduce a s ig n i f i c a n t  d i f f e r e n c e  in  grow th  r a t e  between 
th e  a r e a s  a s  m easured by MN RW, MN IND, and BA in c re a s e .  RW on b o th  
a r e a s  d e c re a se d  p o s t-c h a n g e . A change between a r e a s  i s  a p p a re n t ,  how­
e v e r ,  in  th e  MN IND/SE r a t i o .  The grow th  c l im a te  a p p e a rs  to  be a m e li­
o ra te d  by th e  a l t e r e d  hydro logy  because  th e r e  i s  l e s s  v a r i a t i o n  in  th e  
y e a r ly  mean in  good grow th  y e a r s .
The v a r i a b i l i t y  o f  th e  RW d a ta ,  a s  m easured by MN SENS and SD, 
d e c re a s e s  in  b o th  a r e a s  p o s t-c h a n g e . A c o n c o m itta n t in c r e a s e  in  
AUTCORR su g g e s ts  an  in c r e a s e  in  th e  dependence o f  one y e a r 's  g row th  on 
th e  p re c e e d in g  y e a r .  These ch an g es in  MN SENS, SD, and AUTCORR su p p o rt 
th e  VC a n a l y s i s  r e s u l t s  w hich in d i c a te  t h a t  th e  m a c ro c lim a te  i s  l e s s  
l i m i t in g  to  g row th  in  th e  1 9 7 0 's  th a n  In  th e  I 9 6 0 's .
The r e l a t i v e  d e n s i ty  o f  th e  g row th  r i n g s ,  a s  m easured by MX LW 
and MIN EW, i s  s i g n i f i c a n t l y  g r e a t e r  on th e  c o n t r o l le d  f lo o d in g  a re a  
p r e -  and p o s t-c h a n g e . The MX LW d e n s i ty  i s  in c re a s in g  b ecause  i t  i s  
l a r g e r  f o r  1970-7 9, w h ile  MIN EW i s  a p p ro x im a te ly  th e  same.
The DENS c h ro n o lo g ie s  f o r  th e  c o n t ro l le d  f lo o d in g  and p erm an en tly  
f lo o d ed  a r e a s  c r o s s d a te  w e ll up to  th e  1 9 7 0 's :  key low  y e a rs  a r e
1936, 1943, 1944, 1950, and 1962. These y e a rs  a r e  c h a r a c te r iz e d  by 
r e l a t i v e l y  u n ifo rm  r in g  p r o f i l e s .  Compared to  th e  c o n t r o l le d  f lo o d in g  
s i t e  ch ro n o lo g y , th e  p e rm an en tly  f lo o d ed  s i t e  e x h ib i te d  a  much g r e a t e r  
v a r i a b i l i t y  in  y e a r ly  DENS v a lu e s  f o r  1970-7 9. Wood d e n s i ty  w ith  
g r e a t e r  u n ifo rm ity  from  one y e a r  to  th e  n e x t i s  being  produced  on th e  
c o n t ro l le d  f lo o d in g  a r e a .
S ig n i f i c a n t  d i f f e r e n c e s  in  th e  DENS v a lu e s  su g g e s t t h a t  th e  grow th  
r in g s  o f th e  c o n t ro l le d  f lo o d in g  a r e a  a r e  c h a r a c te r iz e d  by d e n s e r ,  more 
u n ifo rm  r in g s  th a n  th o s e  o f  th e  p erm an en tly  f lo o d e d  a r e a .  T h is  d i f ­
fe re n c e  in  th e  r in g  p r o f i l e  can n o t be c o n s id e re d  a s  a  re s p o n s e  to  th e  
a l t e r e d  hydro logy  b ecause  i t  h o ld s  t r u e  p r e -  and p o s t-c h a n g e . R a th e r , 
d i f f e r e n c e s  in  stem d e n s i ty  a n d /o r  r e l e a s e  re s p o n se  due to  c u t t i n g  may 
be c a u s a t iv e  f a c t o r s .  Megraw and Nearn (1 9 7 1 ), s tu d y in g  th e  e f f e c t  o f 
th in n in g  and f e r t i l i z a t i o n  on D o u g la s - f i r  found t h a t  th e  w i th ln - r in g
d e n s i ty  d i s t r i b u t i o n  was a l t e r e d ,  w h ile  th e  a v e ra g e  t o t a l  r in g  d e n s i ty  
was n o t .
Two f a c t s  w hich have come to  l i g h t  d u rin g  t h i s  a n a l y s i s  g r e a t ly  
l i m i t  i t s  u s e f u ln e s s  in  th e  a sse ssm e n t o f  t h i s  s i t e  d is tu r b a n c e  (h y d ro -  
l o g i c a l  c h a n g e ) :
1) th e  d a ta  i n d i c a t e s  t h a t  th e  s i t e s  w ere n o t th e  same p r io r  to  
197 0 and ,
2) th e  l a r g e  r e l e a s e  in  g row th  in  1964-77 o v e r la p s  th e  p e r io d  in  
q u e s t io n .
The ty p e  o f t r e e  r in g  a n a l y s i s  employed h e re  app ea red  a p p r o p r ia te  a t  
th e  o u ts e t  o f  t h i s  s tu d y . The MN IND/SE r a t i o  and th e  VC f o r  th e  s i t e  
c h ro n o lo g ie s  in d i c a te  t h a t  th e  change in  hyd ro logy  i s  a f f e c t i n g  th e  RW 
and d e n s i ty  d a t a .  Q u a n tify in g  t h i s  e f f e c t  and e v a lu a tin g  i t s  s i g n i ­
f ic a n c e ,  how ever, has  h o t been acco m p lish ed .
C lim a tic  A n a ly s is  o f  Compiled C h ro n o lo g ies
A l a r g e r  number o f  sam ples and a  lo n g e r  ch ro n o lo g y  a r e  n e c e s s a ry  
to  a tte m p t m ean in g fu l c l im a t ic  p r e d ic t io n s .  However, t h i s  a n a ly s i s  i s  
aimed a t  d is c o v e r in g  r e l a t i o n s h i p s  w hich may e x i s t  between th e  r in g  
p a ra m e te rs  s tu d ie d  and c l im a t ic  v a r i a b l e s .
The SAS s te p w ise  p ro c e d u re  was used  to  perfo rm  l i n e a r  r e g r e s s io n  
a n a ly s e s .  The maximum R^ o p tio n  o f t h i s  p ro c e d u re  was u s e d . T h is  op­
t i o n  s e l e c t s  th e  model w ith  th e  h ig h e s t  c o e f f i c i e n t  o f m u l t ip le  d e t e r ­
m in a tio n  (R^) f o r  each  number o f  v a r i a b l e s .  T h is  c o e f f i c i e n t  m easu res  
th e  p r o p o r t io n a te  r e d u c t io n  o f  th e  t o t a l  v a r i a t i o n  in  th e  dependen t 
v a r i a b le  a s s o c ia te d  w ith  th e  s e t  o f in d ep en d en t v a r i a b l e s .  The com­
p u te r  p r in to u t  was f i r s t  p e ru sed  to  f in d  th e  p o in t  o f  d im in is h in g  
r e tu r n s ;  th a t  i s ,  add ing  a d d i t io n a l  in d ep en d en t v a r i a b l e s  c a u se s  o n ly
a  s l i g h t  in c r e a s e  in  r2 . The v a lu e s  w ere p lo t te d  to  a id  in  t h i s  
d e t  e rm in a t io n .
The s i z e  o f  th e  t o t a l  squared  e r r o r  component (Cp) f o r  eac h  s e t  
was a l s o  graphed and used  a s  a  model s e l e t i o n  c r i t e r i o n  (N e te r  and 
W asserman, 1974). The Cp o f  th e  f i t t e d  o b s e rv a t io n s  f o r  th e  model 
i s  composed o f a  b ia s  component and a  random e r r o r  com ponent. The s e t  
o f  in d ep en d en t v a r i a b l e s  le a d in g  to  th e  s m a l le s t  Cp v a lu e s  a n d /o r  
w ith o u t b ia s  was s e le c te d .  B o th  c r i t e r i a  p o in te d  to  th e  same " b e s t"  
s e t  o f  in d ep en d en t v a r i a b l e s .  T h is  was indeed  f o r tu n a t e .
The dependen t v a r i a b l e s  an a ly zed  I n d iv id u a l ly  were th e  combined 
s i t e s  in d ic e s  ch ro n o lo g y  f o r  MX LW and DENS. The RW and d e n s i ty  
c h ro n o lo g ie s  have r e l a t i v e l y  h ig h  AUTCORR (F ig . 14 and A ppendices B 
and C ). S t a t i s t i c a l  a d ju s tm e n ts  have to  be made b e fo re  c l im a t ic  
a n a l y s i s  o f c h ro n o lo g ie s  w ith  h ig h  AUTCORR i s  u n d e rta k e n  ( F r i t t s  e t  
a l . , 1979). For t h i s  re a s o n ,  o n ly  two c h ro n o lo g ie s  w ith  low  AUTCORR, 
th e  combined s i t e s  DENS ( - .0 0 8 )  and combined s i t e s  MX LW ( .0 7 4 )  a r e  in  
e lu d ed  (T ab le  2 4 ) .
M onthly T em perature and P r e c i p i t a t i o n . The in d ep en d en t v a r i a b l e s  
a r e  mean m onthly  te m p e ra tu re  and p r e c i p i t a t i o n .  T em perature and 
p r e c i p i t a t i o n  d a ta  p u b lish e d  f o r  New O rle a n s , L o u is ia n a , w ere used  
(R u ffn e r and B a i r ,  1977). T h is  s t a t i o n  h a s  th e  lo n g e s t  h i s to r y  o f 
re c o rd in g s  in  c lo s e  p ro x im ity  to  th e  r e s e a r c h  a r e a .
The te m p e ra tu re  model in c lu d e s  13 in d ep en d en t v a r i a b l e s ,  th e  
v a lu e s  f o r  th e  tw elve  m onths o f  th e  c u r r e n t  y e a r ,  p lu s  th e  mean month­
ly  v a lu e  f o r  December o f  th e  p re v io u s  c a le n d a r  y e a r .  The p r e c i p i t a ­
t i o n  model in c lu d e s  15 v a r i a b l e s ,  th e  tw e lv e  m onths o f th e  c u r r e n t
T ab le  24 . M onthly p r e c i p i t a t i o n  and te m p e ra tu re  m odels w hich a r e  
s ig n i f i c a n t  in  s te p w ise  m u l t ip le  r e g r e s s io n .
T em perature P r ec ip  i t a  t  io n
Maximum Maximum D en s ity
Chronology Latewood Latewood D iffe re n c e
R2 .501 .748 .841
P ro b  >F .0258 .0069 .0052
Indep en d en t Dec Mar Mar
V a r ia b le s Oct Dec . J u l
In  O rder o f Mar Feby Dec
E n try  In to Jun Nov Feb
Model J u l Apr
May Nov
Jan Dec ,





Decy , + +
Ja n y - —
Feb + +




J u l + +
Aug
Sep
Oct - - -
Nov -
Dec +
*The m onths In c lu d e d  in  model a r e  marked (+) i f  p o s i t i v e l y  c o r r e la te d  
and I f  n e g a t iv e ly  c o r r e l a t e d .  The p re v io u s  c a le n d a r  y ea r i s  
marked y - 1 .
y e a r  p lu s  th e  mean m onth ly  v a lu e s  f o r  O c to b e r, November and December 
o f  th e  p re v io u s  c a le n d a r  y e a r .  A c o r r e l a t i o n  m a tr ix  was c o n s tru c te d  
f o r  th e  te m p e ra tu re  and p r e c i p i t a t i o n  v a lu e s  f o r  1951-70 because  h ig h ­
l y  I n t e r c o r r e l a t e d  Indep en d en t v a r i a b l e s  a r e  n o t d e s i r a b l e  In  model 
b u ild in g  (S to p h e r and Meyburg, 19 7 9 ). The o n ly  s i g n i f i c a n t l y  c o r r e ­
l a t e d  te m p e ra tu re  v a r i a b l e s  a r e :
1) Ja n u a ry  w ith  December ( .4 9 6 ) .  F eb ru a ry  ( .4 9 3 ) and June ( .5 7 4 ) .
2) Septem ber w ith  O ctober ( .5 3 2 )  and August ( .6 3 8 ) .
3) December I s  a l s o  s i g n i f i c a n t l y  c o r r e l a te d  w ith  J u ly  ( .4 7 5 ) .
Of th e s e ,  o n ly  Septem ber and A ugust a r e  h ig h ly  c o r r e l a t e d .  Many o f 
th e  v a r i a b l e s  a r e  n e g l ig ib ly  a n d /o r  n e g a t iv e ly  c o r r e l a t e d .
Only th r e e  p a i r s  o f  th e  p r e c i p i t a t i o n  v a r i a b l e s  a r e  s i g n i f i c a n t ­
ly  c o r r e l a t e d .  They a r e :
1) F eb ru a ry  and May (.5 2 4 )
2) March and A p r il  ( .5 0 2 )
3) Ju n e  and November ( .4  99)
A gain , m ost o f  th e  v a r i a b l e s  a r e  o n ly  s l i g h t l y  a n d /o r  n e g a t iv e ly  
c o r r e l a t e d .
The combined s i t e s  MX LW IND ch rono logy  c o r r e l a t e s  s i g n i f i c a n t l y  
w ith  b o th  mean m onth ly  te m p e ra tu re  and p r e c i p i t a t i o n  (T ab le  2 4 ) . The 
DENS combined s i t e s  ch ro n o lo g y  d o es  n o t c o r r e l a t e  s i g n i f i c a n t l y  w ith  
te m p e ra tu re  but d o e s  w ith  p r e c i p i t a t i o n .  t
T em perature d a ta  e x p la in e d  50 p e rc e n t o f  th e  v a r ia n c e  in  th e  MX LW 
in d ic e s  c h ro n o lo g y . MX LW i s  n e g a t iv e ly  c o r r e l a te d  w ith  te m p e ra tu re
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p r io r  to  and im m ed ia te ly  fo llo w in g  th e  grow ing season  and p o s i t i v e ly  
c o r r e l a t e d  w ith  te m p e ra tu re  d u r in g  and a f t e r  th e  g row th  p e r io d .  P re ­
c i p i t a t i o n  d a ta  e x p la in e d  75 p e rc e n t o f  th e  v a r ia n c e  in  th e  MX LW 
d a ta .  For th e  m ost p a r t ,  MX LW i s  p o s i t i v e ly  c o r r e l a t e d  to  p r e c i p i t a ­
t i o n  p r io r  to  and d u r in g  th e  grow ing season  and n e g a t iv e ly  c o r r e l a te d  
w ith  p r e c i p i t a t i o n  fo llo w in g  g row th .
MX LW i s  e le v a te d  when co o l and wet s p r in g s  a r e  fo llo w ed  by warm 
and wet summers. These c o n d i t io n s  a r e  optimum f o r  r a d i a l  g row th  a s  
w e ll .  As d is c u s s e d  in  Appendix A a  warm s p r in g  w ith  h ig h  e v a p o tra n s -  
p i r a t i o n  p o t e n t i a l  co u ld  induce  w ater s t r e s s  in  a  p la n t  w ith  c o ld  r o o ts  
and re d u c e  g ro w th . Com parison o f  th e  RW and MX LW c h ro n o lo g ie s  show 
an in c r e a s e  in  RW, 1964-76 , i s  accom panied by an in c re a s e  in  MX LW 
(C h ap te r 4 ) .  I t  was concluded  th a t  c o n d i t io n s  w hich y ie ld  a  wide 
g row th  r in g  a l s o  a l lo w  f o r  th e  p ro d u c tio n  o f  h ig h  am ounts o f p h o to -  
s y n th a te s  to  c o n t r ib u te  to  la tew ood c e l l  d e n s i ty  (L a rso n , 1962).
A p re c o n d i t io n in g  e f f e c t  i s  in d ic a te d  by th e  p o s i t i v e  c o r r e l a t i o n  
w ith  p r e c i p i t a t i o n  f o r  th e  December p r io r  to  g row th . The s tro n g  c o r r e ­
l a t i o n  w ith  te m p e ra tu re  f o r  th e  December fo llo w in g  g row th  i s  I n t r i g u ­
in g . T h is  s u g g e s ts  t h a t  p ro c e s s e s  w hich a f f e c t  MX LW, such a s  c e l l  w a ll 
th ic k e n in g  and d e p o s i t io n  o f  m a te r ia l  w ith in  th e  c e l l ,  g o es  on in  th e  
w in te r .
U n iv e r s a l ly ,  d e n d ro c h ro n o lo g ic a l s tu d ie s  o f  MX LW d e n s i t i e s  have 
shown a  c o r r e l a t i o n  o f  maximum d e n s i ty  w ith  c o n d i t io n s  l a t e  in  th e  
grow ing seaso n  (P a rk e r  and Henoch, 1971; C le a v e la n d , 1975; Schw eingruber 
e t  a l . ,  1978 and Conkey, 197 9 ) . The o n ly  s tu d y  w hich was n o t done a t  
h ig h e r e l e v a t io n s  i s  C leaveland  (1 9 7 5 ). C le a v e la n d 's  (1975) s tu d y  was
conducted  on s h o r t l e a f  p in e  in  th e  S ou th  C a ro lin a  P iedm ont. He 
m easured a n e g a t iv e  c o r r e l a t i o n  w ith  A ugust te m p e ra tu re , w h ile  th e  
o th e r s  showed a  p o s i t i v e  re s p o n s e . Conkey (1979) found a  n e g a t iv e  
c o r r e l a t i o n  w ith  A ugust and Septem ber p r e c i p i t a t i o n  w h ile  C leaveland  
(1975) r e p o r te d  a  p o s i t i v e  c o r r e l a t i o n  f o r  J u ly  -  Septem ber p r e c i p i ­
t a t i o n .  I t  i s  w id e ly  h e ld  th a t  maximum la te v o o d  i s  a f f e c te d  by c lim a ­
t i c  c o n d i t io n s  l a t e  in  th e  grow ing season  because i t  o c c u rs  a t  th e  end 
o f  a  g row th  y e a r .  Latewood fo rm a tio n  i s  r e l a t e d  to  w ater s t r e s s  in  
l a t e  summer w hich h in d e rs  c e l l  en largem en t (Kramer and K ozlow ski,
1960).
The MX LW d a ta  o f  t h i s  s tu d y  a r e  s im i la r  to  C le a v e la n d 's  (1975) in  
t h a t  th e r e  i s  a  p o s i t i v e  c o r r e l a t i o n  w ith  J u ly  p r e c i p i t a t i o n .  A l­
th o u g h , Conner e t  a l .  (1981) re p o r te d  th a t  th e  b a ld c y p re s s  t r e e s  o f 
th e  r e s e a r c h  a re a  ceased  r a d i a l  in c re a s e  in  e a r ly  A ugust; th e  n e g a t iv e  
c o r r e l a t i o n  w ith  O ctober te m p e ra tu re  o f t h i s  s tu d y  may co rre sp o n d  w ith  
C le av e la n d * s  (1975) n e g a t iv e  c o r r e l a t i o n  f o r  August te m p e ra tu re .
P r e c i p i t a t i o n  d a ta  e x p la in e d  84 p e rc e n t o f  th e  v a r ia n c e  in  th e  
DENS, combined in d ic e s  ch ro n o lo g y . The r e s u l t s  a r e  a lm o st i d e n t i c a l  
to  th o s e  fo r  th e  MX LW ch ro n o lo g y . T h is  s i m i l a r i t y  i s  n o t s u p r is ln g  
because  i t  was concluded  in  C hap ter 4 t h a t  th e  f l u c t u a t i o n s  in  th e  DENS 
ch ro n o lo g y  a r e  p r im a r i ly  due to  changes in  MX LW. The DENS d a ta  i s  
n e g a t iv e ly  c o r r e la te d  w ith  two m onths th a t  do n o t occu r in  th e  MX LW 
a n a l y s i s .  They a r e  December and A p r i l .  A p r il  p r e c i p i t a t i o n  cou ld  
a f f e c t  th e  earlyw ood component o f  th e  DENS p a ra m e te r . C o r r e la t io n  
w ith  p r e c i p i t a t i o n  in  th e  December fo llo w in g  grow th  i s  a s  p u z z lin g  a s  
f o r  te m p e ra tu re  and MX LW above.
B ecause i t  i s  h ig h ly  d e s i r a b l e  t h a t  th e  number o f  o b s e rv a t io n s  be 
s u b s t a n t i a l l y  l a r g e r  th a n  th e  number o f  v a r i a b l e s  a s s e s s e d  in  th e  
s te p w ise  p ro c e d u re  (N ete r and W asserman, 1974) th e s e  r e s u l t s  a r e  h ig h ly  
t e n t a t i v e .
S o il  M o is tu re  and D egree D ays. The same s te p w ise  p ro c e d u re  was 
u sed  to  a n a ly z e  th e  Im portance o f t h r e e  a d d i t io n a l  in d ep en d en t v a r i ­
a b l e s  c o n s tru c te d  from  th e  te m p e ra tu re  and p r e c i p i t a t i o n  d a ta  to  d e s ­
c r ib e  more com plex r e l a t i o n s h i p s  w ith  few er v a r i a b l e s .  Appendix A 
d e s c r ib e s  th e  fo llo w in g  m odels in  d e t a i l :
1) DD S lope
T h is  model i s  an a t te m p t to  d e s c r ib e  th e  d i f f e r e n c e s  in  w in te r  and 
s p r in g  te m p e ra tu re s  i . e .  m agn itude o f  change .
2) DMDT 3
B o th  te m p e ra tu re  and p r e c i p i t a t i o n  d a ta  a r e  in c lu d e d  in  t h i s  model 
to  d e s c r ib e  th e  r a t e  o f  change in  a n d /o r  d u r a t io n  o f  a  c a lc u la te d  
s o i l  m o is tu re  s u rp lu s  in  w in te r .
3) DMDT 3 la g
The DMDT 3 model i s  lagged  a  y e a r  to  d e s c r ib e  th e  s o i l  m o is tu re  s u r ­
p lu s  o f  th e  p re v io u s  w in te r  to  th e  c u r r e n t  y e a r 's  grow ing se a so n . 
None o f th e s e  m odels i s  s i g n i f i c a n t l y  c o r r e l a te d  w ith  each  o th e r .
No s ig n i f i c a n t  r e s u l t s  w ere o b ta in e d  f o r  e i t h e r  MX LW o r DENS.
W inter A nom alies Over th e  E a s te rn  U .S .
The RW ch ro n o lo g y  shows marked low s in  1958-63 (fo llo w ed  by a  r e ­
l e a s e  in  g row th , b e lie v e d  to  be due in  p a r t  to  s tan d  th in n in g ,  1964-76) 
and f o r  1977-79 . F ig . 17 shows th a t  th e  ch ro n o lo g y  i s  com parable  to  
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L o u is ia n a  Chronology
F ig u re  17. The A rkansas-T en n essee  b a ld c y p re s s  (Bowers, 1975) ch rono logy  
and' a l l  s i t e s  (68 sam ples) ch ro n o lo g y  o f  th e  c u r r e n t  
L o u is ia n a  s tu d y  fo r  th e  1 9 6 0 's  and 1 9 7 0 's .
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B oth c h ro n o lo g ie s  show low s in  1963 and 1968 ( th e  c o ld e s t  w in te r s  o f 
th e  1 9 6 0 's  in  th e  a r e a )  and p eak s  in  1965 and 1970 (F ig .  1 7 ) . A 
p e ru s a l  o f o th e r  c y p re s s  d a ta  from  F lo r id a  (D uever, 1978) and so u th e rn  
I l l i n o i s  (M itsch  e t  a l . ,  1979) r e v e a ls  low  g row th  in  th e  1 9 6 0 's  a s  
w e l l .
The w in te r  w ea th e r (December -  F eb ru ary ) o v e r th e  e a s te r n  U.S. 
was anom alously  c o ld  in  th e  1 9 6 0 's  (N am ias, 1973) and 1976-79 ( F r i t t s  
e t  a l . ,  1979; R e i t e r ,  19 8 1 ). F r i t t s  e t^al^  (1979) used  65 t r e e  r in g  
c h ro n o lo g ie s  from  w e s te rn  N o rth  A merica to  i l l u s t r a t e  th e  f e a s i b i l i t y  
o f  u s in g  t r e e  r in g  d a ta  to  s tu d y  h ig h  freq u en cy  s p a t i a l  an o m a lie s  In 
c l im a te  such a s  d ro u g h ts  and c o ld e r - th a n -n o rm a l I n t e r v a l s .  The b e s t 
c a l i b r a t i o n  a r e a  f o r  a  te m p e ra tu re  model was th e  e a s te r n  U .S . and 
w ith in  t h i s  r e g io n  B aton Rouge, L o u is ia n a  was shown to  be one o f  th e  
b e s t  s t a t i o n s  f o r  t h i s  ty p e  o f  a n a l y s i s .
The p o o lin g  o f  c h ro n o lo g ie s  from  s e v e ra l  s p e c ie s  over a  la r g e  
re g io n  has  proved b e n e f i c i a l  in  d e n d ro c lim a tic  s tu d ie s  ( F r i t t s  e t  a l . ,  
197 9 and B ia s in g  and D uvick, 1982). In  t h i s  re g a rd  i t  i s  no tew orthy  
t h a t  Langdon e t  a l .  (1978) in  a s ix  y e a r  s tu d y  o f  d ia m e te r  g row th  of 
90 y ea r o ld  swamp tu p e lo  (Nyssa s y lv a t ic a  v a r .  b i f l o r a  (W a lt.)  S a rg .)  
in  S ou th  C a ro lin a  found th e  s m a lle s t  in c re a s e  in  1969 and th e  h ig h e s t 
in  1965. These o b s e rv a t io n s  a g re e  w ith  th e  L o u is ia n a  b a ld c y p re s s  
ch ro n o lo g y  ( s e e  F ig . 17 ) .
C hap ter 6
DISCUSSION
P hase  I  o f  t h i s  s tu d y  sough t to  e s t a b l i s h  an ad e q u a te  sam pling 
d e s ig n .  T h is  p re l im in a ry  s tu d y  was w arran ted  by p re v io u s  work (Bow ers, 
1973) and I s  summarized In  F ig . 6. D if f e re n c e s  w ere found among e ig h t  
c o re  ty p e s  from  t r e e s  grow ing In  a  v e ry  homogeneous a r e a .  Furrow  
sam ples were e l im in a te d  b ecau se  th e y  have a  l a r g e  number o f  m iss in g  
a n d /o r  m erging g row th  r i n g s ,  a r e  d i f f i c u l t  to  m easu re , and a r e  n o t 
s u p e r io r  to  lo b e  sam ples In  s t a t i s t i c a l  c h a r a c t e r i s t i c s .  Compass 
d i r e c t i o n  was n o t s i g n i f i c a n t .  S ou th  sam ples c o n ta in e d  tw ic e  a s  many 
r e s in o u s  bands and sh o u ld , p e rh a p s , be c h e m ic a lly  e x t ra c te d  b e fo re  
be ing  u sed  in  d e n s ito m e try  s tu d ie s .  D if fe re n c e s  among c o re  c h ro n o lo ­
g ie s  w ith in  t r e e s  accoun ted  f o r  a g r e a t  d e a l  o f  v a r ia n c e  in  th e  d a ta ;  
th u s ,  i t  i s  b e n e f i c ia l  to  ta k e  two o r  more sam ples p e r t r e e  r a t h e r  than  
ta k in g  a  s in g le  c o re  from  a l a r g e r  number o f  t r e e s .  In  an  a tte m p t to  
s e l e c t  th e  number o f sam ples w hich reduced  th e  s ta n d a rd  e r r o r  o f 
e s t im a te s ,  th e  p o in t  o f  d im in ish in g  r e t u r n s  f o r  th e  c o re  ty p e  s tu d y  was 
fo u r  c o re s  from  13 t r e e s  f o r  a  t o t a l  o f  52 sam ples. The v a r ia n c e  
among c o re s  w ith in  a  t r e e  was found to  be l e s s  f o r  th e  more h e te ro ­
geneous a r e a s  o f  Phase I I .  Only two c o re s  from  14 t r e e s  (o r  th r e e  
c o r e s  from  10 t r e e s )  w ere r e q u ire d  to  re d u c e  th e  e r r o r  to  th e  same 
l e v e l .  A sam ple s iz e  o f 120, fo u r  c o re s  from  t h i r t y  t r e e s ,  i s  r e ­
q u ire d  to  re d u c e  th e  s ta n d a rd  o f  e r r o r  to  0 .05  o r  l e s s .
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B ecause t h i s  i s  th e  f i r s t  d en d ro ch ro n o lo g y  s tu d y  r e p o r te d  fo r  
b a ld c y p re s s  in  L o u is ia n a  and because  o n ly  a  l im i te d  number o f  s tu d ie s  
have been r e p o r te d  f o r  b a ld c y p re s s ,  a  p rim ary  g o a l f o r  th e  p r o je c t  
was th e  a sse ssm en t o f  t h i s  t o o l ' s  u s e f u ln e s s  w ith  t h i s  s p e c ie s  in  t h i s  
a r e a .  C ro ssd a tin g  was p o s s ib le  w ith in  and between t r e e s  grow ing on 
two young and d is tu r b e d  s i t e s .  A th i r d  s i t e ,  th e  n a t u r a l  f lo o d in g  
a r e a ,  was e l im in a te d  from  th e  s tu d y  because c ro s s d a t in g  was n o t p o s ­
s ib l e  w ith in  o r  betw een t r e e s ;  ex c lu d in g  t h i s  a re a  th e  m ost d i f f i c u l t  
sam ples to  c r o s s d a te  were th o s e  o f  th e  c o re  ty p e  s tu d y . P e rh a p s , i f  
e ig h t  sam ples had been ta k e n  p e r  t r e e  r a th e r  th a n  fo u r  in  th e  
n a t u r a l  f lo o d in g  a r e a ,  c r o s s d a t in g  would have been more s u c c e s s f u l .  
Chem ical e x t r a c t io n  o f a  few  o f th e  sam[fles m ight a l s o  have produced 
c l e a r e r  an n u a l r i n g s  (Thomas, 1972).
The s t a t i s t i c s  o f th e  In d iv id u a l  sam ple and s i t e  c h ro n o lo g ie s  o f 
t h i s  s tu d y  com pare w e ll f o r  c l im a t ic  s tu d y  w ith  th e  p u b lish e d  a v e ra g e s  
f o r  e a s te r n  N o rth  America (De W itt and Ames, 19 7 8 ). T here i s  e v id en ce  
t h a t  s e le c t in g  more i s o la te d  t r e e s  on p e rm an en tly  f lo o d ed  s i t e s  
w i l l  f u r n i s h  th e  " b e s t"  r in g  w id th  d a ta  f o r  d e n d ro c lim a tic  s tu d ie s .
A v a r ia n c e  component f o r  y e a r s  o f  47% was found f o r  th e  r in g  w id th  
ch ro n o lo g y  o f th e  p erm an en tly  f lo o d ed  s i t e .  D if f e re n c e s  betw een th e  
two s i t e s ,  w hich a r e  d is c u s s e d  below , were d e te c te d  u s in g  t r e e  r in g  
s t a t i s t i c s .  Thus, th e  d a ta  a r e  s u i te d  to  d e n d ro e c o lo g ic a l s tu d ie s  a s  
w e ll .
X -ray  d e n s ito m e try  h as  o n ly  r e c e n t ly  been coup led  w ith  t r e e  r in g  
d a t in g  ( F r i t t s ,  1976). A s tu d y  i s  p roposed  by S ta b le  ^ t  al_ (1981) 
bu t o n ly  one o th e r  x - r a y  s tu d y  has in c lu d ed  b a ld c y p re s s  (Thomas, 1972 ).
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The ra d io g ra p h s  d id  n o t a id  in  th e  d e te c t io n  o f f a l s e  r i n g s .  A f te r  
c ro s s d a t in g  o f  r in g  w id th s  was acco m p lish ed , how ever, c ro s s d a t in g  o f  
d e n s i ty  p a ra m e te rs  c o r ro b o ra te d  th e  m atch . I  can n o t s t a t e  w ith  Conkey 
<1979) and P o lg e  (1970) t h a t  changes in  maximum d e n s i ty  w ere much 
e a s i e r  to  c r o s s d a te  th a n  r in g  w id th s . The b e s t c ro s s d a t in g  among th e  
d e n s i ty  sam ples was f o r  th e  d e n s i ty  d i f f e r e n c e  (maximum la tew ood 
m inus minimum e a r ly  wood) u n t i l  th e  change in  hydro logy  In  1970 on th e  
c o n t ro l le d  f lo o d in g  s i t e .  The c r e a t io n  o f  t h i s  d e n s i ty  p a ram ete r a l s o  
produced a  more v a r i a b le  ch ro n o lo g y  th a n  f o r  maximum la tew ood  o r  m in i­
mum earlyw ood . The u s e f u ln e s s  o f th e  d e n s i ty  d i f f e r e n c e  ch ro n o ­
lo g ie s  m igh t be enhanced by chem ica l e x t r a c t io n  because I  would ex p ec t 
e x t r a c t io n  to  d i f f e r e n t i a l l y  a f f e c t  th e  minimum earlyw ood v a lu e s  due 
to  th e  l a r g e r  c e l l  lum ens.
The d e n s i ty  sam ples o f  t h i s  s tu d y  were n o t e x t r a c te d  a s  w ere th o s e  
o f  Conkey (197 9 ) . E x tra c te d  c o re s  m igh t p rove  to  be b e t t e r  f o r  c l im a ­
t i c  s tu d ie s ,  a l th o u g h  an e c o lo g ic  s tu d y  m ight b e n e f i t  from  a  s tu d y  o f 
th e  p a t t e r n  o f  r e s in o u s  bands. B ecause no c o n s i s te n c ie s  in  r e s in o u s  
bands were no ted  in  t h i s  s tu d y , th e y  were t r e a te d  a s  random v a r i a b i l i t y .  
X -ray  d e n s ito m e try  o f  c y p re s s  can n o t be f u l l y  a s s e s se d  h e re  due to  th e  
q u e s tio n  o f  e x t r a c t i v e s .  P r a c t i c a l  c o n s id e r a t io n s  e l im in a te  x - r a y  
d e n s ito m e try  from  many s tu d ie s .  However, when a c c u r a te  r in g  w id th  
m easurem ents can  a l s o  be e a s i l y  o b ta in e d  from  th e  d e n s i ty  g ra p h s  ( a s  
was th e  c a s e  h e r e ) ,  th e  ad v a n ta g e s  o f  an x - r a y  d e n s ito m e try  s tu d y  can 
o u tw eig h  th e  d is a d v a n ta g e s .  T here was a  v e ry  s l i g h t  in d ic a t io n  in
th e  f in d in g s  t h a t  d e n s i ty  d a ta  may prove more u s e f u l  in  s tu d ie s  o f  s i t e  
d i f f e r e n c e s  th a n  r in g  w id th  d a ta  (T ab le  1 8 ).
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C o n s is te n t t r e n d s  in  th e  change in  d e n s i ty  w ith in  a  t r e e  w ith  age 
w ere n o t e v id e n t .  The d e n s i ty  g ra p h s , l i k e  th o s e  f o r  r in g  w id th s , 
showed a  g r e a t  d e a l  o f  v a r i a b i l i t y  th ro u g h  tim e and among sam ples (even  
from  th e  same t r e e )  .
The s t a t i s t i c s  o f  th e  in d iv id u a l  sam ples and f o r  th e  c h ro n o lo g ie s  
d id  n o t in d i c a te  t h a t  maximum la tew o o d , minimum earlyw ood , o r  d e n s i ty  
d i f f e r e n c e  o f fe re d  r e a l  improvement o v er r in g  w id th  in d ic e s  f o r  d e n d ro -  
c l im a t ic  o r  d en d ro e c o lo g ic  s tu d ie s .  Of th e s e  t h r e e ,  d e n s i ty  d i f f e r e n c e  
f i t s  th e  re q u ire m e n ts  b e s t  bu t d o e s  n o t com pare w e ll w ith  r in g  w id th  
a v e ra g e s .  However, t e n t a t i v e  f in d in g s  in d ic a te  th a t  maximum latew ood 
c o r r e l a t e s  h ig h ly  w ith  mean m onth ly  p r e c i p i t a t i o n  (75% o f v a r ia n c e  
e x p la in e d )  and te m p e ra tu re  (50%). The d e n s i ty  d i f f e r e n c e  ch ro n o lo g y  was 
n o t s i g n i f i c a n t l y  c o r r e la te d  w ith  te m p e ra tu re  but was c o r r e la te d  w ith  
mean m onth ly  p r e c i p i t a t i o n  (84% o f v a r ia n c e  e x p la in e d ) . These c o n f l i c t ­
in g  r e s u l t s  su g g e s t th e  fo llo w in g :
1) The s te p w ise  r e g r e s s io n  f o r  maximum la tew ood  and d e n s i ty  d i f ­
fe re n c e  a r e  in v a l id a te d  by to o  few  o b s e rv a t io n s ;  a n d /o r
2) The a ssu m p tio n s  o f  th e  c u r r e n t  t r e e  r in g  s t a t i s t i c s  do n o t 
hold f o r  th e  d e n s i ty  p a ra m e te rs  s tu d ie d .
The r e l a t i v e  s iz e  o f  th e  s t a t i s t i c s  c a lc u la te d  f o r  th e  fo u r  com­
bined c h ro n o lo g ie s  a r e  s im i la r  to  th o se  re p o r te d  by C leaveland  (1 9 7 5 ), 
Conkey (1979) and Schw eingruber e t  a l .  (1 9 7 8 ). One n o ta b le  e x c e p tio n  
i s  th e  f i r s t  o rd e r  a u to c o r r e la t io n  o f  th e  minimum earlyw ood ch ro n o lo g y . 
C o n tra ry  to  o th e r  d e n s i ty  s tu d ie s ,  i t  i s  h ig h e r  th a n  th e  f i r s t  o rd e r  
a u to c o r r e la t io n  o f  th e  r in g  w id th  in d ic e s  ch ro n o lo g y , p e rh a p s  because 
u n e x tra c te d  sam ples were u se d . The lo w est f i r s t  o rd e r  a u to c o r r e la t io n  
was computed f o r  th e  d e n s i ty  d i f f e r e n c e  ch ro n o lo g y  w hich d o es  n o t ap p ea r
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in  o th e r  s tu d i e s .
At th e  o u t s e t  o f  t h i s  s tu d y  th r e e  h y p o th e se s  w ere fo rm u la te d  from  
a  l i t e r a t u r e  re v ie w  o f th e  e f f e c t s  o f  d i f f e r e n t  w ate r reg im es  on 
t r e e  g row th  in  b o tto m lan d s and swamps, and s o i l  m o is tu re  on wood p ro ­
d u c t io n  ( I n t r o d u c t io n ) . The h y p o th e ses  and how th e  f in d in g s  o f  t h i s  
s tu d y  r e l a t e  to  eac h  a r e  d is c u s s e d  below .
The f i r s t  h y p o th e s is  s ta t e d  t h a t  g row th  would be fa v o re d  on th e  
c o n t r o l le d  f lo o d in g  s i t e ,  p o s t -1970 when th e  s i t e  was s e a s o n a lly  
d r a in e d ,  a s  compared to  th e  p e rm an en tly  f lo o d e d  s i t e .  The d e s c r ip t io n  
and h i s to r y  o f  th e  a re a  le d  to  th e  a ssu m p tio n  t h a t  th e  c o n t ro l le d  
f lo o d in g  and p erm an en tly  f lo o d e d  s i t e s  w ere th e  same u n t i l  th e  change 
in  th e  f lo o d in g  reg im e o f  th e  c o n t r o l le d  f lo o d in g  s i t e .  Thus, th e  
p e rm an en tly  f lo o d ed  s i t e  p ro v id ed  th e  c o n t r o l  f o r  a  com parison  o f  any 
ch an g es  w hich m igh t o ccu r in  th e  d a ta  from  th e  c o n t ro l le d  f lo o d in g  
s i t e .  S ubsequent a n a l y s i s ,  n o ta b ly  co m p ariso n s  o f v a r ia n c e  com ponents 
p r e -  and p o s t-c h a n g e , o f  th e  r in g  w id th  and maximum la tew ood  in d ic e s  
in t im a te s  t h a t  th e  two s i t e s  d i f f e r e d  b e fo re  th e  s h i f t  in  h y d ro lo g y . 
A lso , a  l a r g e  r e l e a s e  ( in c r e a s e )  in  g row th  o c c u rs  on b o th  s i t e s  from 
1964-76 . T h is  r e l e a s e  o v e r la p s  th e  p e r io d  in  w hich th e  s h i f t  in  hy­
d ro lo g y  o c c u rre d  and q u a n t ify in g  ch an g es  i s  d i f f i c u l t .  No s i g n i f i c a n t  
d i f f e r e n c e  in  r in g  w id th , b a s a l  a re a  In c r e a s e  o r th e  d e n s i ty  p a ra m e te rs  
p r e -  and p o s t-c h a n g e  was m easured . However, a com parison  o f  th e  y e a r ly  
mean in d e x /s ta n d a rd  e r r o r  r a t i o  f o r  th e  r in g  w id th  in d ic e s  p r e -  and 
p o s t-c h a n g e  on b o th  s i t e s  su g g e s ts  t h a t  th e  g row th  c l im a te  i s  a m e lio ra ­
te d  on th e  c o n t ro l le d  f lo o d in g  s i t e  p o s t-c h a n g e .
The second h y p o th e s is  proposed  th a t  th e  q u a l i ty  o f th e  wood p r o -
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duced on Che two s i t e s ,  a s  m easured by th e  p e rc e n ta g e  la tew o o d , would 
d i f £ e r  p o s t-c h a n g e . Due to  te c h n ic a l  d i f f i c u l t i e s  d e s c r ib e d  above 
(M ethods) th e  p e rc e n t  la tew ood  was n o t m easu red . The unsm oothed 
v a lu e s  f o r  maximum la tew ood  and minimum earlyw ood w ere s i g n i f i c a n t l y
h ig h e r  f o r  th e  c o n t r o l le d  f lo o d in g  s i t e  b o th  p r e -  and p o s t-c h a n g e .
B ecause t h i s  d i f f e r e n c e  was n o t s ig n i f i c a n t  when th e  v a lu e s  w ere con­
v e r te d  to  i n d i c e s ,  i t  may be due to  th e  o ld e r  t r e e s  sampled on m ic ro -  
s i t e  C o f th e  c o n t r o l le d  f lo o d in g  s i t e .
R eleased  g row th  i s  e v id e n t on b o th  s i t e s ,  1964-76 . The w ider r in g s  
a r e  c h a r a c te r iz e d  by in c re a s in g  d e n s i ty  and a  more a b ru p t r in g  p r o f i l e .  
T h is  r e l e a s e  was fo llo w ed  in  1977-7 9 by n a rro w e r, d e n s e r ,  more u n ifo rm  
r i n g s .  S tu d ie s  beyond th e  scope o f  t h i s  one would be n e c e s s a ry  to  
a s s e s s  i f  th e s e  changes a r e  g r e a t  enough to  a f f e c t  wood q u a l i t y .  T here 
i s  n o t a  c l e a r  c u t r e l a t i o n s h i p  between r in g  w id th  and d e n s i ty .  O v e ra ll 
th e  d a ta  su g g es t t h a t  maximum la tew ood  and minimum earlyw ood a r e  
v a ry in g  to g e th e r .  The g r e a t e s t  changes in  th e  u n ifo rm ity  o f  th e  r in g  
p r o f i l e  a r e  due to  changes in  maximum la tew o o d . T h is  t r e n d  i s  compa­
t i b l e  w ith  th e  f in d in g s  o f many a u th o rs  in c lu d in g  S id d iq u i e t  a l .
(1 9 7 1 ). T here i s  some ev id en ce  th a t  r in g  d e n s i ty  p r o f i l e s  a r e  much
more v a r i a b le  from  y e a r  to  y e a r  when t r e e s  a r e  grown in  a  p erm an en tly  
f lo o d ed  c o n d i t io n  r a th e r  th a n  se a so n a l f lo o d in g .  I f  d i f f e r e n c e s  a r e  
l a r g e  enough, d e n s i ty  v a r i a b i l i t y  i s  im p o rta n t in  wood u t i l i z a t i o n  
(L au n d rie  and M cKnight, 1969).
An a d d i t io n a l  h y p o th e s is  was t h a t  th e  t r e e  r in g  d a ta  would be 
c o r r e la te d  w ith  h y d ro m e te o ro lo g ic a l p a ra m e te rs . C lim a tic  a n a ly s i s  was 
n o t th e  p rim ary  g o a l o f  t h i s  s tu d y  and an e x te n s iv e  a n a ly s i s  was n o t
u n d e r ta k e n . The s o i l  m o is tu re  m odels w hich w ere c o n s tru c te d  and com­
pared  to  maximum la tew ood  and d e n s i ty  d i f f e r e n c e  d id  n o t a c c o u n t f o r  
a  g r e a t  amount o f th e  v a r ia n c e  in  th e  d a t a .  F u r th e r  work i s  w arran ted
G enerated  from  th e  l i t e r a t u r e  re v ie w , th e  f i n a l  h y p o th e s is  
s t a t e s  t h a t  th e  p erm an en tly  f lo o d e d  s i t e  w i l l  e x h ib i t  th e  h ig h e s t  c o r ­
r e l a t i o n  w ith  r e g io n a l  c l im a t ic  p a ra m e te rs ,  such  a s  a  c a lc u la te d  s o i l  
m o is tu re  d e f i c i t .  Due to  th e  h ig h  a u to c o r r e la t io n s  o f  th e  c h ro n o lo g ie  
o n ly  th e  maximum la tew ood  and d en s ity  d i f f e r e n c e  c h ro n o lo g ie s  were 
compared to  th e  s o i l  m o is tu re  m o d e ls . N e ith e r  was s i g n i f i c a n t l y  c o r ­
r e l a t e d .  The t r e e  r in g  s t a t i s t i c s ,  how ever, p o in t  to  th e  p e rm an en tly  
f lo o d e d  a re a  a s  th e  b e s t s i t e  ty p e  f o r  a  c l im a t ic  s tu d y  u s in g  
b a ld c y p re s s  ( F r i t t s  and S h a tz , 1975).
O ther s tu d ie s  o f  b a ld c y p re s s  in  A rk an sas , F lo r id a ,  I l l i n o i s ,  and 
T ennessee  show reduced  g row th  in  th e  1 9 6 0 's ,  c o rre sp o n d in g  to  low s in  
th e  r in g  w id th  in d ic e s  c h ro n o lo g ie s  c o n s tru c te d  h e re  (Bow ers, 1975; 
D uever, 1978; and M itsch  e t  a l . ,  1979). T h is  s tu d y  a l s o  shows a  d e ­
c r e a s e  in  g row th  f o r  1978-7 9. B oth  d e c re a s e s  co rre sp o n d  to  p e r io d s  
o f  anom alously  co ld  w in te rs  o v e r th e  e a s te r n  U .S . (N am ias, 1973 and 
R e i t e r ,  1981 ). T h is  s p e c ie s  may be w e ll s u i te d  to  th e  a n a ly s i s  o f 
such  r e g io n a l  a n o m a lie s .
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APPENDIX A
D e s c r ip t io n  o f  S o i l  M o is tu re  and D egree Days M odels:
DD S lo p e
DMDT 3
DMDT 3 la g
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DD S lo p e
T h is  v a lu e  i s  based on th e  fo rm u la s  o f  A ceituno  (197 9) f o r  e s ­
t im a t in g  h e a t in g  (HDD) and c o o lin g  (CDD) d e g re e  d a y s .
w here D "  number o f  d ay s  in  a  g iv e n  m onth 
Ty » m on th ly  mean te m p e ra tu re  
Tq = p r e - s e le c te d  th r e s h o ld  te m p e ra tu re
Upon f i r s t  p e ru s in g  th e  d a ta  I  n o t ic e d  a  s i g n i f i c a n t  n e g a t iv e  
c o r r e l a t i o n  betw een a  c a l c u la te d  w in te r  s o i l  m o is tu re  s u rp lu s  and 
g row th . I  r e c a l l e d  rem ark s  by R. L. P h ip p s  (1978) c o n c e rn in g  a  
g r e a t e r  h e a t lo a d  due to  l e s s  c lo u d  c o v e r le a d in g  to  an  in c re a s e  in  
g row th  o f b a ld c y p re s s  in  th e  D ism al Swamp, V i r g in i a .  C o n v e rse ly , 
a  l a r g e  c a lc u la te d  w in te r  s o i l  m o is tu re  v a lu e  can  be due to  g r e a t e r  
w in te r  p r e c i p i t a t i o n  w hich c o rre s p o n d s  w ith  in c re a s e d  c lo u d in e s s .  
T em p era tu re s  a r e  red u ced  p ro d u c in g  c o ld  r o o t s  and w a te r s t r e s s  in  th e  
s p r in g  d u e  to  t r a n s p i r a t i o n  ex ceed in g  r o o t  u p ta k e .  Kramer and 
K ozlow ski (1960) d e s c r ib e  th e  r e d u c t io n  in  w a te r u p ta k e  by r o o t s  o f 
v a r io u s  s p e c ie s  when s o i l  te m p e ra tu re  i s  red u ced  to  c r i t i c a l  l e v e l s .  
T h is  would u l t im a te ly  le a d  to  red u ced  g ro w th .
W hile s e a rc h in g  f o r  a  method to  d e s c r ib e  th e  d i f f e r e n c e  in  
h e a t lo a d ,  I  n o t ic e d  t h a t  A p r i l  A p r i l  DD ^  = 30 (T^ -  6 5 ) ,
p o s i t i v e l y  c o r r e l a t e d  ( .8 9 )  w ith  th e  c o re  ty p e  s tu d y  r in g  w id th  
ch ro n o lo g y  from  1969-75 . However, i t  i s  n e g a t iv e ly  c o r r e l a t e d  in  th e  
1 9 6 0 's ,  a  tim e  o f v e ry  low  g row th  and a  d ro u g h t in  s o u th  L o u is ia n a .
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T h is  p e r io d ,  1 969-75 , i s  a l s o  a  p e r io d  o f  below  mean A p r i l  tem p era ­
t u r e s .  From th e  d a ta  i t  ap p ea red  -  
m ild  w in te r/w arm , h o t A p r i l  = good grow th  
c o ld  w in te r/w a rm , h o t A p r i l  = poo r g row th  
m ild  w in te r /c o o l  A p r i l  = good grow th  
c o ld  w in te r /c o o l  A p r i l  = poor g row th
The warmer th e  A p r i l  th e  b e t t e r  th e  g row th  i f  i t  was n o t  p rece ed ed  
by a  s e v e re  w in te r .  Growth was a l s o  good i f  A p r i l  te m p e ra tu re s  f e l l  
below  th e  mean fo llo w in g  a  m o d e ra te  w in te r .
A f te r  t r y in g  s e v e r a l  m ethods 1 r e a l i z e d  t h a t  th e  a f f e c t  on 
g row th  t h a t  I  was d e t e c t in g  c o u ld  b e s t  be d e s c r ib e d  by th e  d e g re e  o f 
d i f f e r e n c e  betw een th e  two s e a s o n s .  T h is  h y p o th e s is  became m ore 
a p p e a lin g  when I  n o t ic e d  a  n e g a t iv e  c o r r e l a t i o n  betw een g row th  and 
M arch f o r  1969-7 5 . A warm March w ith  h ig h  e v a p o t r a n s p i r a t io n
p o t e n t i a l  c o u ld  in d u ce  g r e a t  w a te r s t r e s s  in  a  p la n t  w ith  c o ld  r o o t s .  
D D ^ w ere c a lc u la te d  f o r  November, December and J a n u a ry  and added 
to g e th e r  (WDDg^) * D D 6 2  was a l®° c a l c u la te d  f o r  A p r i l  (ADD^) • T^ e 
d i f f e r e n c e  betw een th e s e  v a lu e s  ( s lo p e )  was th e n  com puted a s  -
DD S lo p e  = |WDDg2 -  ADDfi2 | .
T h is  v a lu e  p ro d u c e s  a s i g n i f i c a n t ,  n e g a t iv e  c o r r e l a t i o n  ( - .5 5 3 )  when 
com pared w ith  th e  c o r e  ty p e  s tu d y  r in g  w id th  c h ro n o lo g y  f o r  1957-73 . 
DMDT 3
The p a ra m e te rs  w hich a r e  o f  i n t e r e s t  a r e  m on th ly  e v a p o t r a n s p i r a ­
t i o n  and s o i l  m o is tu r e .  I t  h a s  been shown by Hsu (1972) t h a t  s o i l  
m o is tu re  c o n te n t  can  be e s t im a te d  by m easu rin g  th e  d i f f e r e n c e  betw een 
p r e c i p i t a t i o n  and e v a p o t r a n s p i r a t io n  in  m angrove swamps w here r u n - o f f
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i s  n e g l i g i b l e .  T h is  c o n d i t io n  a p p e a rs  to  f i t  th e  h y d ro lo g ic a l  r e ­
gim e o f  th e  swamp w hich  i s  a lm o s t c o m p le te ly  c u t  o f f  from  n a t u r a l  
w a te r f lo w . Hsu (1972) a l s o  d e m o n s tra te d  t h a t  e v a p o t r a n s p i r a t io n  
a s  c a lc u la te d  by Eagleman (1967) p ro v id e d  th e  b e s t f i t  w ith  th e  
o b serv ed  d a ta  in  a  m angrove swamp.
The m ethods w hich f o l lo w , u n le s s  o th e rw is e  in d i c a te d ,  a r e  
th o s e  o f  Hsu (1 9 7 2 ). E ag lem a n 's  e q u a t io n  f o r  e v a p o t r a n s p i r a t io n  i s  
Et  = C (0 .035 e g) (100 -  RH)*5 (1 )
w here Et  r e p r e s e n t s  th e  maximum e v a p o t r a n s p i r a t io n  r a t e  in  in c h e s
p e r  m onth , e i s  th e  s a tu r a t i o n  v a p o r  p r e s s u r e  (mb) c o rre sp o n d in g  to  s
th e  mean m onth ly  te m p e ra tu re ,  RW i s  th e  mean m on th ly  r e l a t i v e  humi­
d i t y  and C r e p r e s e n t s  th e  g e n e ra l  r e l a t i o n s h i p  betw een th e  v e g e ta ­
t i v e  c y c le  and mean m onth ly  te m p e ra tu re .  Between 30° F and 7 0° F th e  
r e l a t i o n s h i p  i s
C = 0 .2 0  + 0 .0133T . (2)
Above 70° F, C i s  ex p re sse d  a s  a c o n s ta n t  o f  1 .1 3 .
The v a lu e s  f o r  e w ere ta k e n  frpm  M arvin (1941) and a  m i l l i b a r s  s
c o n v e rs io n  o f  3 3 .8 2  was u sed  to  c o n v e r t  Efc to  in c h e s  p e r  m onth . The 
m on th ly  v a lu e s  f o r  RW w ere ta k e n  from  th e  N a tio n a l C lim a tic  Summary 
o f  th e  U .S . W eather B ureau .
B ecause th e  a r e a  i s  a lm o s t impounded s o i l  m o is tu re  f o r  th e  s i t e  
i s  c a lc u la te d  a s  f o l lo w s :
dm /d t = P -  E (3 )
w here dm /dt i s  s o i l  m o is tu re  in  in c h e s  p e r  m onth and E i s  th e  v a lu e  
com puted above in  ( 1 ) .
M onthly v a lu e s  w ere d e r iv e d  f o r  1951-70 f o r  s o i l  m o is tu re  and
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e v a p o t r a n s p i r a t io n .  As m en tioned  in  th e  d is c u s s io n  o f  th e  DD S lo p e  
m odel, I  f e l t  a  r e l a t i o n s h i p  e x i s t e d  betw een w in te r  s o i l  m o is tu re  
s u rp lu s  and r in g  w id th . A lso , th e  w ork o f  M oehring and R a ls to n  (1967) 
le d  me to  th e  h y p o th e s is  t h a t  g row th  would b e s t  be d e s c r ib e d  by th e  
r a t e  o f  change in  s o i l  m o is tu r e .  R e g a rd le s s  o f th e  amount o f a v a i l ­
a b le  m o is tu re  m easured  d u r in g  th e  summer th e y  found t h a t  g row th  
was c u r t a i l e d  when s o i l  m o is tu re  l o s s  was r a p id .  S im p so n 's  R u le , one 
o f  th e  m ost w id e ly  u sed  te c h n iq u e s  o f  n u m e ric a l i n t e g r a t i o n ,  was 
a p p l ie d  to  th e  F e b ru a ry  th ro u g h  O ctober v a lu e s  o f  s o i l  m o is tu re  f o r  
each  y e a r (Dorn and M cCraken, 1 9 7 2 ). T h is  new v a lu e  com prised  th e  
v a lu e s  f o r  th e  DMDT 3 m odel.
DMDT 3 la g
The v a lu e s  f o r  t h i s  m odel w ere th e  DMDT 3 m odel v a lu e s  lag g ed  
by one y e a r .
APPENDIX B
C o m p ila tio n  o f  S t a t i s t i c a l  T a b le s  f o r  Ring W idth  D ata
T ab le  B - l .  Mean ( e n t i r e  sam ple and 1948-79) and mean s e n s i t i v i t y  o f 
r in g  w id th s  and m ean, mean s e n s i t i v i t y ,  s ta n d a rd  d e v ia ­
t i o n  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  o f  th e  r in g  w id th  
in d ic e s  o f  th e  c o n t r o l le d  f lo o d in g  s i t e ,  1948-79 .
T ab le  B -2 . Mean ( e n t i r e  sam ple and 1955-7 9) and mean s e n s i t i v i t y
o f  r in g  w id th s  and m ean, mean s e n s i t i v i t y ,  s ta n d a rd  d e ­
v i a t i o n  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  o f  th e  r in g  
w id th  in d ic e s  o f th e  p e rm a n en tly  f lo o d e d  s i t e ,  1955-79 .
T ab le  B -3 . Mean r in g  w id th  and m ean, s ta n d a rd  d e v i a t io n ,  mean s e n s i ­
t i v i t y  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  f o r  th e  in d ic e s  o f 
th e  c o n t r o l le d  f lo o d in g  s i t e ,  1957-73 .
T ab le  B -4 . Mean, s ta n d a rd  d e v i a t io n ,  mean s e n s i t i v i t y  and f i r s t
o rd e r  a u t o c o r r e l a t i o n  f o r  th e  p e rm a n en tly  f lo o d e d  s i t e  
in d i c e s ,  1957-73 .
T ab le  B -5 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  r in g  w id th  in d i c e s ,  1948-79 .
T ab le  B -6 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  p e rm a n en tly  f lo o d e d  
s i t e  r in g  w id th  in d i c e s ,  1955-79 .
T ab le  B -7 . C r o s s - c o r r e la t io n a l  a n a l y s i s  o f  th e  in d ic e s  o f  th e  con ­
t r o l l e d  f lo o d in g  s i t e ,  1948t:79 , among a l l  sam ples (A) 
and among t r e e s  (B ) .
T ab le  B -8 . C r o s s - c o r r e la t io n a l  a n a l y s i s  o f  th e  in d ic e s  o f  th e  p e r ­
m a n en tly  f lo o d e d  s i t e ,  1955-7 9, among a l l  sam ples (A) 
and among t r e e s  (B ) .
T ab le  B -9 . The r in g  w id th  in d ic e s  c h ro n o lo g y  f o r  th e  c o n t r o l le d  
f lo o d in g  s i t e ,  1918-7 9.
T ab le  B -10. The r in g  w id th  in d ic e s  ch ro n o lo g y  f o r  th e  p erm a n en tly  
f lo o d e d  s i t e ,  1932-7 9.
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Table B - l .  Mean ( e n t i r e  sample and 1948-79) and mean s e n s i t i v i t y  of r in g  w id th s and mean, mean s e n s i­
t i v i t y ,  s tandard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f th e  r in g  w id th  in d ic e s  o f th e
c o n tro l le d  flo o d in g  s i t e ,  1948-79.
Ring W idths Ring W idth In d ic e s  (1948-79)
Number Mean Mean Mean Mean Standard F i r s t  Order
Sample Y ears Y ears Mean S e n s i t iv i ty 1948-79 Index S e n s i t iv i ty D ev ia tion A u to c o rre la tio n
6-41 1946-79 34 4.88 mm .53 4.71 mm 1.01 .53 .54 .29
6-42 1947 -79 33 3.61 .60 3 .64 1.01 .62 .80 .46
7-31 1940-7 9 40 4.34 .54 3 .98 .98 .54 .56 .32
7-41 1945-79 35 3.24 .45 3.02 1 .00 .40 .51 .64
8-41 1940-79 40 3.18 .48 3.11 .99 .41 .44 .36
8-21 1947-79 33 2.95 .55 2.92 1 .00 .56 .49 - .1 6
9-41 1940-7 9 40 6.04 .55 6.28 1.04 .55 .55 .33
9-42 1938-7 9 42 5.71 .56 5.72 1.01 .55 .52 .17
11-42 1936-79 44 3.51 .50 3 .4 6 1 .06 .38 .49 .30
11-31 1920-79 60 3.47 .44 4.07 1.17 .38 .44 .27
12-22 1934-79 46 3.87 .60 3.63 .99 .60 .52 .13
12-42 1918-79 62 3 .65 .44 3.11 .96 .38 .51 .40
13-31 1923-79 57 5.33 .49 5.31 1.04 .41 .52 .48
13-21 1925-79 55 4 .5 0 .47 4 .12 1 .00 .51 .52 .26
Mean 44 4 .1 6 .51 4.08 1.02 .49 .53 .30
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Table B-2. Mean ( e n t i r e  sample and 1955-79) and mean s e n s i t i v i ty  o f r in g  w id ths and mean, mean s e n s i t i ­
v i t y ,  s tandard  d e v ia tio n  and f i r s t  o rd e r  a u to c o r re la t io n  o f th e  r in g  w id th  in d ic e s  o f th e
perm anently  flooded  s i t e ,  1955-7 9.
Ring W idths Ring W idth In d ic e s  (1948-79)
Number Mean Mean Mean Mean S tandard F i r s t  Order
Sample Y ears Y ears Mean S e n s i t iv i ty  1948-79 Index S e n s i t iv i ty  D ev ia tio n  A u to c o rre la tio n
1-42 1940-79 40 4 .1 5  mm .67 3 .5 5  mm .96 .66 .58 - .1 9
1-31 1936-79 44 3 .8 6 .61 2.84 1.03 .56 .59 .26
2-42 1947-79 33 7.34 .47 6.37 .98 .44 .57 .46
2-41 1935-79 45 5.46 .46 4 .8 6 .97 .42 .60 .60
3-31 1938 -79 42 5.74 .51 3 .82 .95 .48 .61 .51
3-21 1941-79 39 5.09 .45 3.73 .94 .46 .62 .48
4-41 1947 -79 33 5.15 .59 4.21 .94 . 64 .66 .31
4-21 1951-79 29 4.37 .67 4.24 1 .0 2 , .70 .63 .11
5-41 1942-79 38 5.84 .43 5 .29 1.01 .37 .54 .58
5-31 1933 -79 47 4 .4 0 .45 3 .8 9 1.05 .42 .69 .66
9-21 1948-79 32 6.83 .33 6.23 .97 .33 .41 .51
9-41 1954-79 26 5.66 .52 5.60 .99 .54 .61 .29
10-21 1933 -79 47 4.17 .87 3 .3 6 1.05 .91 1.02 - .0 4
10-41 1932-79 48 3.95 .84 2.58 .93 .87 .69 -.2 1
Mean 39 5.14 .56 4.33 .98 .56 .63 .31
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T ab le  B -3 . Mean r in g  w id th  and m ean, s ta n d a rd  d e v i a t io n ,  mean s e n s i ­
t i v i t y  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  f o r  t h e  in d i c e s  o f
th e  c o n t r o l le d  f lo o d in g  s i t e ,  1957-73 .
Sample Mean
S ta n d a rd
D e v ia t io n
Mean
S e n s i t i v i t y
F i r s t  O rder 
A u to c o r re l .
Mean
Ring W idth
1-11 .93 .3 9 .61 .11 5 .61  mm
1-21 1 .0 2 .5 9 .68 .2 0 7 .0 5
1-31 .91 .54 .57 .4 9 5 .1 3
1-41 1 .0 2 .55 .54 .25 7 .0 2
2-11 .8 9 .65 .61 - .1 1 6.81
2-21 .93 .45 .6 0 .02 6.42
2-31 1 .03 .5 5 .5 6 .22 3 .9 3
2-41 .82 .52 .68 .14 5 .2 6
3-11 .9 0 .51 .53 .3 6 4 .3 6
3-21 .82 .51 .93 .41 2 .7 7
3-31 .87 .51 .77 .07 3 .7 4
3-41 .94 .5 0 .69 - .2 4 4 .1 9
4-11 .91 .49 .78 - .1 6 4 .9 2
4-21 .91 .67 .97 - .3 0 4 .7 7
4-31 .8 6 .43 .67 - .2 7 3 .2 0
4-41 .94 .38 .54 - .1 7 3 .3 8
5-11 1 .03 .75 1 .0 0 - .3 3 3 .0 2
5-21 1 .04 .78 .78 - .1 5 2 .5 5
5-31 .98 .74 .68 .73 3 .1 1
5-41 .88 .61 .84 - .0 4 4 .2 3
Mean .93 .5 6 .7 0 .0 6 4 .5 8
6-41 .87 .51 .61 .08 3 .9 4
6-42 .65 .45 .7 6 - .0 0 2 .21
7-31 1 .07 .6 9 .63 .33 4 .1 6
7-41 1.01 .64 .44 .73 2 .7 8
8-41 .93 .44 .5 0 .08 2 .9 1
8-21 .88 .5 0 .55 - .1 4 2 .3 6
9-41 1 .0 3 .6 6 .63 .38 6 .2 0
9-42 .9 9 .59 .6 0 .33 5 .6 0
Mean .93 .5 6 .5 9 .22 3 .7 7
11-42 .95 .35 .39 .1 5 3 .0 9
11-31 1 .2 2 .52 .32 .44 4 .2 5
12-22 1 .0 5 .58 .57 .1 6 3 .8 4
12-42 .98 .57 .46 .42 3 .1 2
13-31 .93 .38 .4 6 .23 4 .7 0
13-21 .88 .38 .6 0 - .2 4 3 .4 9
Mean 1 .0 0 .4 6 .47 .1 9 3 .7 5
S i t e  Mean .9 6 .52 .54 .21 3 .7 6
1.26
T ab le  B -4 . Mean, s ta n d a rd  d e v ia t io n ,  mean s e n s i t i v i t y  and f i r s t  o rd e r  
a u t o c o r r e la t io n  f o r  th e  p e rm a n en tly  f lo o d e d  s i t e  in d i c e s ,  
1957-73 .
Mean Mean S ta n d a rd  Mean F i r s t  O rder
Sample Ring W idth Index  D e v ia t io n  S e n s i t i v i t y  A u to c o r r e l .
1-42 4 .0 9  mm 1.11 .58 .6 0 - .2 9
1-31 2 .5 5 .92 .43 .58 .1 6
2-42 7 .0 2 1 .04 .65 .52 .44
2-41 5 .2 6 1 .0 5 .61 .49 .52
3-31 4 .0 0 .97 .71 .5 6 .51
3-21 4 .0 3 .9 9 .73 .5 6 .47
4-41 4 .1 2 .8 6 .67 .72 .23
4-21 4 .0 3 .93 .68 .88 - .0 4
5-41 5.41 1 .0 2 .5 6 .37 .58
5-31 4 .51 1 .2 2 .71 .43 .61
9-21 6.23 .97 .45 .41 .45
9-41 5 .8 9 1.04 .71 .62 .35
10-21 3 .71 1 .1 6 1 .0 9 .88 - .0 0
10-41 2.61 .94 .66 .8 0 - .1 7
Mean 4 .5 3 1 .02 .6 6 .60 .27
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T ab le  B -5 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  r in g  w id th  i n d i c e s ,  1948-79 .
S ource
Sum o f  
S q u ares
D egrees o f  
Freedom
V a ria n c e  
Component s*
P e rc e n t
V arian c e
Component
T re e s  (T) 0 .812 6
C ores (C) 0 .008 1
Y ears  (Y) 31 .682 31 0 .0 5 0 17
T X C 0.254 6
T X Y 60.578 186 0.084 29
C X Y 3 .5 8 2 31 -0 .0 0 6 0
T X C X Y 29.333 186 0.158 54
T ab le B -6. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  p e rm a n en tly  f lo o d e d  
s i t e  r in g  w id th  in d i c e s ,  1955-79 .
P erc  e n t
Sum o f D egrees o f V aria n c e V aria n c e
S ource S q u ares Freedom Components* Component
T ree s (T) 0 .182 6
C ores (C) 0 .015 1
Y ears (Y) 68.362 24 0.184 44
T X C 0 .325 6
T X Y 38.511 144 0.034 8
C X Y 3 .1 8 2 24 -0 .0 0 9 0
T X C X Y 2 8 .7  91 144 0 .199 48
♦ N eg ativ e  v a r ia n c e  com ponents a r e  re p la c e d  by z e ro  (K irk , 1968 and 
Dunn and C la rk , 19 7 4 ). Components a r e  o n ly  com puted f o r  th e  so u rc e s  
w hich i n t e r a c t  w ith  th e  ch ro n o lo g y  (y e a r s )  a c c o rd in g  to  th e  m ethods 
o f  F r i t t s  (197 6 ) .
Table B-7. C ro s s -c o r re la t io n a l  a n a ly s is  o f th e  in d ic e s  of th e  c o n tro lle d  flo o d in g  s i t e ,  1948-79,
among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 6-41 6-42 7-31 7-41 8-41 8-21 9-41 9-42 11-42 11-31 12-22 12-42 12-31 13-2]
6-41 .52 .21 .18 -.0 3  .23 .10 .05 -.2 4 .23 .25 .21 - .2 2 - .0 2
6-42 - .0 8  .18 .18 .18 .18 .19 .10 .09 .14 .13 .11 .03
7-31 .67 .12 .36 .31 .23 .30 .63 .27 .07 -.1 1 .06
7-41 .18 .31 .40 .42 .26 .60 .45 .08 .04 .09
8-41 .58 .46 .46 .10 .07 .06 .15 .41 .36
8-21 .22 .56 .17 .23 .13 .20 .32 .41
9-41 .49 .09 .37 .08 - .0 6 .14 .19
9-42 .39 .32 .23 .01 .56 .51
11-42 .26 - .0 3 - .1 5 .44 .36
11-31 .29 .04 - .2 1 -.2 1
12-22 -.0 1 - .1 0 -.0 3
12-42 .27 .22
13-31 .80
Summary: Average C o rre la tio n  o f Each Sample With A ll O thers
Mean .11 .15  .23 .30 .24 .30 .23 .34 .16 .21 .13 .09 .19 .21
(B)
Tree 6 7 8 9 11 12 13
6 .13 .19 .19 .07 .28 -.0 1
7 .30 .43 .60 .34 .02
8 .55 .20 .21 .44
9 .42 .11 .42
11 .06 .15
12 .13
Summary: Average C o rre la tio n  o f Each T ree With A ll O thers
Mean .14 .30 .32 .35 .25 .19 .19
Table B-8. C ro s s -c o r re la t io n a l  a n a ly s is  o f th e  in d ic e s  o f th e  perm anently  flooded  s i t e ,  1955-79,
among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 1-42 1-31 2-42 2-41 3-31 3-21 4-41 4-21 5-41 5-31 9-21 9-41 10-21 10-41
1-42 .11 .41 .42 .46  .41 .19 .35 .41 .40 .21 .20 .59 .60
1-31 .44 .54 .29  .39  .50 .57 .59 .26 .48 .34 .19 .34
2-42 .76 .54 .70  .47 .50 .66 .65 .66 .51 .51 .48
2-41 .49  .65 .50 .53 .69 .49 .73 .48 .62 .71
3-31 .49  .15 .55 .49 .69 .32 .30 .66 .46
3-21 .62 .40 .87 .73 .54 .66 .42 .41
4-41 .23 .62 .23 .60 .62 .24 .28
4-21 .54 .44 .38 .16 .53 .62
5-41 .72 .53 .58 .35 .46
5-31 .34 .57 .47 .30
9-21 .61 .39 .35
9-41 .34 .15
10-21 .80
Summary: Average C o rre la tio n  o f Each Sample W ith A ll O thers
, .37 .39  .56 .58 .45 .56 .40 .45 .58 .48 .47 .43 .47 .46
(B)
Tree 1 2 3 4 5 9 10
1 .65 .60 .69 .59 .45 .60
2 .73 .68 .71 .69 .65
3 .63 .87 .59 .61
4 .61 .61 .55
5 .61 .45
9 .36
Summary: Average C o rre la tio n  of Each Tree With A ll O thers
Mean .59 .69 .67 .63 .64 .55 .54
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1'a!'lp  B-9. The r in g  w idth  in d ic e s  chronology fo r  th e  c o n tro lle d  flo o d in g  s i t e ,  1918t79.
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Table B-10. The r in g  w id th  in d ic e s  chronology fo r  th e  perm anently  flooded s i t e ,  1932-79.
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C o m p ila tio n  o f  S t a t i s t i c a l  T a b le s  f o r  Ring D e n s ity  D ata
T ab le  C - l . Mean ( e n t i r e  sam ple and 1948 -79 ) and mean s e n s i t i v i t y  
o f  maximum la tew ood  v a lu e s  and m ean, mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  o f  th e  
c o n t r o l le d  f lo o d in g  s i t e  maximum la tew ood  in d i c e s ,  1948- 
79 .
T ab le  C -2. Mean maximum la tew ood  v a lu e  and m ean, s ta n d a rd  d e v ia t io n ,  
mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  f o r  th e  
c o n t r o l le d  f lo o d in g  s i t e  maximum la tew ood  in d i c e s ,  1955- 
79 .
T ab le  C -3. Mean ( e n t i r e  sam ple and 1955-79) and mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  o f  
maximum la tew ood  I n d ic e s  o f  th e  p e rm a n en tly  f lo o d e d  s i t e ,  
1955-7 9.
T ab le  C -4. C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  maximum la tew ood  in d ic e s  
o f  th e  c o n t r o l le d  f lo o d in g  s i t e ,  1948-7 9, among a l l  
sam ples (A) and among t r e e s  (B ) .
T ab le  C -5. C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  maximum la tew ood  in d ic e s  
o f  th e  p erm a n en tly  f lo o d e d  s i t e ,  1955-7 9, among a l l  
sam ples (A) and among t r e e s  (B ) .
T ab le  C-6. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  maximum la tew ood  in d i c e s ,  1948-79 .
T ab le  C -7. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  d e n s i ty  d i f f e r e n c e  i n d i c e s ,  1948-7 9.
T ab le  C -8. The c h ro n o lo g y  o f  th e  maximum la tew ood  in d ic e s  f o r  th e  
c o n t r o l le d  f lo o d in g  s i t e ,  1918-79 .
T ab le  C -9. The maximum la tew ood  in d ic e s  ch ro n o lo g y  f o r  th e  perm anen t­
l y  f lo o d e d  s i t e ,  1932-7 9.
T ab le  C-10. Mean ( e n t i r e  sam ple and 1955-7 9) and mean s e n s i t i v i t y  o f 
minimum earlyw ood v a lu e s ,  and mean, mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e la t io n  f o r  
















1-11. Mean minimum earlyw ood v a lu e  and mean, s ta n d a rd  d e v ia ­
t i o n ,  mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e la t io n  
f o r  th e  c o n t r o l le d  f lo o d in g  s i t e  minimum earlyw ood 
in d i c e s ,  1955-7 9.
1-12. Mean ( e n t i r e  sam ple and 1955-7 9) and mean s e n s i t i v i t y
o f minimum earlyw ood v a lu e s ,  and m ean, mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e la t io n  o f  th e  
p e rm a n en tly  f lo o d e d  s i t e  minimum earlyw ood in d i c e s ,
1955-79 .
1-13. C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  minimum earlyw ood 
in d ic e s  o f  th e  c o n t r o l le d  f lo o d in g  s i t e ,  1955-79 .
1-14. C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  minimum earlyw ood
in d ic e s  o f  th e  p e rm a n en tly  f lo o d e d  s i t e ,  1955-7 9, among 
a l l  sam ples (A) and among t r e e s  (B ) .
1-15. The c h ro n o lo g y  o f th e  minimum earlyw ood in d ic e s  o f  th e  
c o n t r o l le d  f lo o d in g  s i t e ,  1918-7 9.
1-16. The minimum earlyw ood in d ic e s  ch ro n o lo g y  f o r  th e  perm a­
n e n t ly  f lo o d e d  s i t e ,  1932-7 9.
17. Mean ( e n t i r e  sam ple and 1948 -7 9 ) and mean s e n s i t i v i t y  o f  
d e n s i ty  d i f f e r e n c e  v a lu e s  and m ean, mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e la t io n  o f 
th e  d e n s i ty  d i f f e r e n c e  in d ic e s  o f  th e  p e rm an en tly  
f lo o d e d  s i t e ,  1948-7 9.
1-18. Mean d e n s i ty  d i f f e r e n c e  v a lu e  and mean, s ta n d a rd  d e v ia ­
t i o n ,  mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e la t io n  
f o r  th e  c o n t r o l le d  f lo o d in g  s i t e  d e n s i ty  d i f f e r e n c e  
i n d i c e s ,  1955-7 9.
!-19. Mean ( e n t i r e  sam ple and 1955-7 9) and mean s e n s i t i v i t y
o f d e n s i ty  d i f f e r e n c e  v a lu e s  and mean, mean s e n s i t i v i t y ,  
s ta n d a rd  d e v ia t io n  and f i r s t  o rd e r  a u t o c o r r e la t io n  o f  
th e  p erm a n en tly  f lo o d e d  s i t e  d e n s i ty  d i f f e r e n c e  in d i c e s ,
1955-7 9.
:-20 . C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  c o n t r o l le d  f lo o d in g  
s i t e  d e n s i ty  d i f f e r e n c e  in d ic e s ,  1948-7 9, among a l l  
sam ples (A) and among t r e e s  (B ) .
1-21. C r o s s - c o r r e la t io n  a n a l y s i s  o f  th e  p e rm a n en tly  f lo o d e d
s i t e  d e n s i ty  d i f f e r e n c e  I n d ic e s ,  1955-7 9, among a l l  sam­
p le s  (A) and among t r e e s  (B ) .
1-22. The d e n s i ty  d i f f e r e n c e  in d ic e s  ch ro n o lo g y  f o r  th e  con­
t r o l l e d  f lo o d in g  s i t e ,  1918-7 9.
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T ab le  C -23. The d e n s i ty  d i f f e r e n c e  in d ic e s  c h ro n o lo g y  f o r  th e  
p e rm a n en tly  f lo o d e d  s i t e ,  1932-7 9.
Table C - l . Mean ( e n t i r e  sample and 1948-79) and mean s e n s i t i v i t y  of maximum latew ood v a lu e s  and mean,
mean s e n s i t i v i t y ,  standard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f th e  maximum latew ood
in d ic e s  o f th e  c o n tro lle d  flo o d in g  s i t e ,  1948-79.
Sample
Maximum Latewood V alues
Mean
1948-79
Maximum Latewood In d ic e s ,  1948-'79
Y ears
Number 
o f Y ears Mean
Mean ■ 




S e n s i t iv i ty
S tandard
D ev ia tion
F i r s t  Order 
A u to c o rre l.
6-43 1946-79 34 1.07 .06 1.07 1 . 0 0 .06 . 1 0 .73
6-44 1947-79 33 1 . 2 0 .04 1 . 2 0 1 . 0 0 .04 .05 .45
7-33 1940-79 40 1.26 .04 1 .29 1.03 .04 . 1 0 .87
7-43 1945-79 35 1 . 1 1 .04 1 . 1 2 1 . 0 1 .04 .07 .67
8-43 1940-79 40 1.14 .06 1.14 1 . 0 0 .06 .06 .19
8-23 1947-79 33 .96 .06 .95 1 . 0 0 .06 .06 . 2 0
9-43 1940-79 40 1 . 2 1 .06 1 . 2 0 .99 .05 .07 .37
9-44 1938-79 42 1.25 .05 1.23 .98 .05 .07 .45
11-44 1936-79 44 1.75 .05 1.75 1 . 0 0 .05 .06 .33
11-33 1920-7 9 60 1 . 2 2 .07 1 . 2 0 .98 .08 .08 .23
12-24 1934 -79 46 1.26 .08 1.26 1 . 0 0 .08 .09 .34
12-44 1918-79 62 1.35 .07 1.29 .96 .08 .07 -.0 7
13-33 1923-79 57 1.09 .05 1.08 1 . 0 0 .05 .06 -.0 4
13-23 1925-79 55 1.19 .06 1.18 .99 .07 .07 .16
Mean 44 1 . 2 2 .06 1 . 2 1 1 . 0 0 .06 .07 .35 .
135
T ab le  C -2. Mean maximum la tew ood  v a lu e  and m ean, s ta n d a rd  d e v i a t io n ,  
mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e l a t i o n  f o r  th e  
c o n t r o l le d  f lo o d in g  s i t e  maximum la tew ood  in d i c e s ,  
1955-79 .
Mean S tan d a rd  Mean F i r s t  O rder
Sample Mean Index  D e v ia t io n  S e n s i t i v i t y  A u to c o r r e la t io n
6-43 1 .0 9 1 .03 .0 9 .06 .6 9
6-44 1 . 2 1 1 . 0 1 .0 6 .05 .41
7-33 1 .32 1 .05 .0 9 .04 . 8 6
7-43 1 .1 5 1.03 .0 6 .05 .48
8-43 1 .1 5 1 . 0 0 .07 .07 .23
8-23 .9 6 1 . 0 0 .0 6 .0 6 .24
9-43 1 .1 9 .98 .07 .06 .3 6
9-44 1 .2 5 .9 9 .0 6 .05 .28
11-44 1 .7 6 1 . 0 1 .0 6 .05 .3 6
11-33 1 .18 .97 .07 .08 .19
12-24 1 .2 6 1 . 0 0 .08 .07 .3 9
12-44 1 .28 .95 .07 .08 - .1 4
13-33 1 .0 9 1 . 0 0 .07 .0 6 - .0 9
13-23 1 . 2 0 1 . 0 1 .0 6 .07 - . 0 0
Mean 1 . 2 2 1 . 0 0 .07 .0 6 .3 0
Table C-3. Mean ( e n t i r e  sample and 1955-79) and mean s e n s i t i v i t y  o f maximum latewood v a lu e s ,  and
mean, mean s e n s i t i v i t y ,  s tandard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f maximum
latewood in d ic e s  o f th e  perm anently  flooded s i t e ,  1955-79.
Maximum Latewood V alues Maximum Latewood In d ic e s ,  1955-79
Number Mean Mean Mean Mean S tandard F i r s t  Order
Sample Y ears o f Y ears Mean S e n s i t iv i ty  1955-79 Index S e n s i t iv i ty  D ev ia tion  A u to c o rre l.
1-44 1940-79 40 .97 .08 1.05 1 .09 .05 . 1 1 . 6 8
1-33 193 6-79 44 1 .16 .09 1.18 1 . 0 2 . 1 1 .16 .52
2-44 1947-79 33 1 . 2 0 .05 1.17 .97 .06 .06 - .0 5
2-43 1935-79 45 1.24 .05 1.17 .94 .04 .06 .53
3-33 1938-7 9 42 1.27 .07 1 . 2 1 .95 .08 .06 - . 1 1
3-23 1941-79 39 1.18 .09 1.16 .98 .08 .08 .30
4-43 1947-79 33 .97 .06 .96 .99 .06 .09 .58
4-23 1951-79 29 1.08 .07 1.08 1 . 0 0 .07 .08 .29
5-43 1942-79 38 1.36 .06 1.31 .96 .06 .07 .30
5-33 1933-79 47 1 . 2 0 .07 1.18 .99 .07 . 1 0 .48
9-23 1948-79 32 1.18 .07 1.16 .98 .07 .08 .23
9-43 1954-79 26 .98 .23 .98 1 . 0 0 .24 .23 . 0 0
10-23 1933-79 47 1.14 .08 1 . 2 1 1.06 . 1 0 . 1 1 .31
10-43 1932-79 48 1.16 .09 1 . 2 2 1.06 .09 .09 .08
Mean 39 1.15 .08 1.15 .99 .08 . 1 0 .30
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Table C-4. C ro s s -c o r re la t io n  a n a ly s is  o f th e  maximum latew ood in d ic e s  o f th e  c o n tro l le d  flo o d in g  s i t e ,
1948-7 9, among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 6-43 6-44 7-33 7-43 8-43 8-23 9-43 9-44 11-44 11-33 12-24 12-44 13-33 13-23
6-43 .09  .67 . 6 6  - .0 7 .04 -.3 7 .28 - .3 4 -.3 3 - .1 5 -.1 7 .06 .31
6-44 - .2 4  - .0 0  .18 - .1 3 .17 . 0 2 - . 0 1 - .1 8 .31 -.2 4 .28 .27
7-33 .76 .03 .14 -.3 3 .50 .05 - . 0 0 - .3 1 - . 1 1 .15 .33
7-43 . 2 0 . 2 0 - .5 1 .40 - . 2 1 - .2 9 -.3 1 -.0 4 .13 .31
8-43 .50 -.1 4 .17 .16 - .1 6 -.0 3 - .1 8 .41 .26
8-23 -.2 3 .08 . 1 0 - .0 7 - .1 5 .14 .16 . 1 1
9-43 -.0 4 .44 .16 .27 - . 1 1 .04 .18
9-44 .19 .15 .24 - .2 9 .25 .43
11-44 . 2 2 - .0 4 -.0 7 .46 .06
11-33 - . 0 2 - . 0 2 - .0 7 -.1 3
12-24 .07 .08 .38
12-44 - .1 6 -.3 8
13-33 .52
Summary: Average C o rre la tio n  o f Each Sample W ith A ll O thers
.05 .04 .13 .10  . 1 0 .07 -.0 4 .18 .08
(B)
- .0 6 .03 - . 1 2 .18 . 2 0
Tree 6 7 8 9 1 1 1 2 13
6 .55 - . 0 1 . 0 1 .43 - .1 4 .33
7 .16 .05 - .13 -.3 1 .29
8 -.05 - . 0 2 - . 1 0 .31
9 .41 . 1 2 .38
1 1 - .0 6 .07
1 2 .03
Summary: Average C o rre la tio n  o f Each Tree With A ll O thers
Mean .05 .10  .05 .16 - .0 3  - .0 7  .23
Table C-5. C ro s s -c o r re la t io n  a n a ly s is  o f th e  maximum latewood in d ic e s  o f th e  perm anently  flooded  s i t e ,
1955-79, among a l l  samples (A) and among t r e e s  (B ).
Sample 1-44 1-33 2-44 2-43 3-33 3-23 4-43 4-23 5-43 5-33 9-23 9-43 10-23 10-43
1-44 - .4 4  .23 .23 .05 .33 .39  .43 - .4 9 .29 -.3 7 .33 .39 .32
1-33 -.2 8 - .0 4  .24 .27 - .1 8  - .1 8 .16 .19 .16 .15 . 2 1 .19
2-44 .04 .09 - .1 2 - . 1 2  - .2 6 - .2 5 .05 .17 -.1 4 - .0 3 -.1 3
2-43 .17 .36 - .1 4  .25 - . 1 0 . 8 6 - . 2 0 .33 .59 .28
3-33 .39 .26 . 0 1 .30 .41 .32 .44 .18 .27
3-23 .35 .45 .04 .59 - .1 5 .63 .51 .57
4-43 .49 - . 1 1 .08 . 0 1 .44 .07 . 2 0
4-23 -.4 1 .32 - .5 6 .67 .45 .47
5-43 - .1 4 .43 - . 2 2 - .3 5 - .2 8
5-33 - .0 9 .50 .78 .52
9-23 - .2 6 - .2 4 - . 1 2
9-43 .45 .37
10-23 .73
Summary: Average C o rre la tio n  o f Each Sample With A ll O thers
Mean .13 . 03 - .0 6 .20  .24 .32 .13 .16 - . 1 1 .34 -.0 7 .28 .29 .26
(B)
Tree 1 2 3 4 5 9 1 0
1 - . 0 1 .50 . 1 2 .25 .38 .52
2 . 2 0 - . 1 2 .40 .13 .28
3 .39 .65 .69 .51
4 . 0 2 .54 .35
5 .39 .42
9 .39
Summary: Average C o rre la tio n  o f Each Tree W ith A ll O thers
Mean .29 .15 .49 . 2 2 .36 .42 .41
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T ab le  C -6 . A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  maximum la tew ood  I n d ic e s ,  1948 -7 9.
S ource
Sum o f  
S q u ares
D egrees o f  
Freedom
V aria n c e  
Component s*
P e rc e n t
V aria n c e
Component
T re e s  (T) 0.064 6
C ores (C) 0 .023 1
Y ears  (Y) 0 .295 31 0 . 0 0 0 2 4
T X C 0.018 6
T X Y 1.158 186 0 . 0 0 1 2 23
C X Y 0.072 31 - 0 . 0 0 0 2 0
T X C X Y 0 .7 1 6 186 0.0038 73
T ab le  C -7. A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  c o n t r o l le d  f lo o d in g  
s i t e  d e n s i ty  d i f f e r e n c e  in d ic e s ,  1948-7 9.
S ource
Sum o f 
S quares
D egrees o f 
Freedom
V arian c e  
Component s*
P e rc e n t
V aria n c e
Component
T re e s  (T) 0 .3596 6
C ores (C) 0 .0886 1
Y ears  (Y) 4 . 6 8  65 31 0.0044 5
T X C 0.2205 6
T X Y 16 .5920 186 0.0126 16
C X Y 0.9072 31 -0 .0 0 4 9 0
T X C X Y 11.8867 186 0.063 9 79
* N eg a tiv e  v a r ia n c e  com ponents a r e  re p la c e d  by z e ro  (K irk , 1968 and 
Dunn and C la rk , 19 7 4 ). Components a r e  o n ly  computed f o r  th e  
s o u rc e s  w hich i n t e r a c t  w ith  th e  ch ro n o lo g y  (y e a rs )  a c c o rd in g  to  th e  
m ethods o f  F r i t t s  (1 9 7 6 ).
T able C-8. The maximum latewood In d ic e s  chronology fo r  th e  c o n tro lle d  f lo o d in g  s i t e ,  1918-7 9.
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Tabic C-9. The maximum latewood in d ic e s  chronology fo r  th e  [icrnancntly  flooded s i t e ,  1932-79.
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Table C-10. Mean ( e n t i r e  sample and 1955-79) and mean s e n s i t i v i t y  o f minimum earlywood v a lu e s ,  and
mean, mean s e n s i t i v i t y ,  s tandard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f minimum e a r ly -
wood in d ic e s  o f th e  c o n tro lle d  flo o d in g  s i t e ,  1955-79.
Minimum Earlywood V alues Minimum Earlywood In d ic e s ,  1955-79
Number Mean Mean Mean Mean Standard F i r s t  Order
Sample Y ears o f Y ears Mean S e n s i t iv i ty  1955-79 Index S e n s i t iv i ty  D ev ia tio n  A u to co rre l.
6-45 1946-79 34 .79 .08 .82 1.05 .07 .14 .84
6-46 1947-7 9 33 .95 .04 .95 1 . 0 0 .04 .05 .55
7-35 1940-79 40 1 . 0 0 .04 1 .06 1.05 .04 . 1 2 .85
7-45 1945-79 35 .87 .06 .91 1.05 .06 .09 .67
8-45 1940-79 40 .83 .07 .80 .96 .08 . 1 2 .65
8-25 1947-79 33 .74 .04 .73 .98 .04 .07 .75
9-45 1940-79 40 .82 .07 .73 . 8 8 .07 .14 .81
9-46 1938-79 42 .98 .05 .92 .94 .05 .06 .61
11-46 1938 -79 42 1 .30 .03 1 .30 1 . 0 0 .03 .04 .54
11-35 1940-79 40 .93 .03 . 8 8 .95 .03 .07 .85
12-26 1934-79 46 .84 .05 .83 .99 .06 .06 . 2 2
12-46 1918-79 62 .90 .05 .84 .94 .05 .05 .41
13-35 1937-79 43 .72 .03 .72 1 . 0 0 .04 .05 .43
13-25 1931-79 49 .84 .04 .83 .99 .03 .05 .62
Mean 41 .89 .05 . 8 8 .98 .05 .08 .63
141
142
T ab le  C - l l .  Mean minimum earlyw ood v a lu e  and mean, s ta n d a rd  d e v ia ­
t i o n ,  mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e la t io n  
f o r  t h e  c o n t r o l le d  f lo o d in g  s i t e  minimum earlyw ood 





D e v ia tio n
Mean F i r  s t  Ord e r  
S e n s i t i v i t y  A u to c o r r e la t io n
6-45 .82 1 .05 .14 .07 .84
6-46 .95 1 . 0 0 .05 .04 .55
7 -35 1 .0 6 1 .0 5 . 1 2 .04 .85
7-45 .91 1 .0 5 .0 9 .06 .67
8-45 .8 0 .96 . 1 2 .08 .65
8 -25 .73 .98 .07 .04 .7 5
9-45 .73 . 8 8 .14 .07 .81
9-46 .92 .94 .0 6 .05 .61
11-46 1 .3 0 1 . 0 0 .04 .03 .54
11-35 . 8 8 .95 .07 .03 .85
12-26 .83 .99 .0 6 .06 . 2 2
12-46 .84 .94 .05 .05 .41
13-35 .72 1 . 0 0 .0 5 .04 .43
13-25 .83 .9 9 .05 .03 .62
Mean . 8 8 .98 .08 .05 .63
T ab le  C--18. Mean d e n s i ty  d i f f e r e n c e  v a lu e  and mean, s ta n d a rd  d e v ia ­
t i o n ,  mean s e n s i t i v i t y  and f i r s t  o rd e r  a u t o c o r r e l a t io n  
f o r  th e  c o n t r o l le d  f lo o d in g  s i t e  d e n s i ty  d i f f e r e n c e  





D e v ia tio n
Mean F i r s t  O rder 
S e n s i t i v i t y  A u to c o r r e la t io n
6-47 .27 .97 .1 9 .18 .4 5
6—48 .25 1 .0 5 .24 .23 .23
7-37 .27 1 .0 5 .25 .27 . 0 1
7-47 .24 .98 .27 .3 0 - . 0 0
8-47 .35 1 .13 .31 .3 0 . 2 2
8-27 .23 1 .07 .25 .2 5 . 2 2
9-47 .4 6 1 .1 9 .2 6 . 2 2 .17
9-48 .35 1 . 2 1 .53 .33 .05
11-48 .4 6 1 .03 .25 . 2 0 .1 6
11-37 .3 0 1 . 0 2 .27 .32 - .1 8
12-28 .45 1 .0 5 .31 .28 . 0 2
12-48 .44 .97 .23 .27 - . 0 1
13-37 .37 1 . 0 0 .16 .1 6 .08
13-27 .37 1.04 . 2 0 . 2 2 . 1 2
Mean .34 1 .0 5 .27 .25 . 1 1
Table C-12. Mean ( e n t i r e  sample and 1955-79) and mean s e n s i t i v i t y  o f  minimum earlywood v a lu e s , and mean,
mean s e n s i t i v i t y ,  s tandard  d e v ia t io n  and f i r s t  o rd e r a u to c o r re la t io n  o f th e  minimum e a r ly ­
wood in d ic e s  o f th e  perm anently  flooded  s i t e ,  1955-79.
Minimum Earlywood V alues Minimum Earlywood In d ic e s ,  1955-79
Number Mean Mean Mean Mean S tandard F i r s t  Order
Sample Y ears o f Y ears Mean S e n s i t iv i ty  1955-79 Index S e n s i t iv i ty  D ev ia tion  A u to c o rre l.
1-46 1940-79 40 .58 .05 .62 1.08 .06 .18 .82
1-35 193 6-79 44 . 8 6 . 1 0 . 8 6 1 . 0 0 >13 .18 .32
2-46 1947 -79 33 . 8 6 .06 .82 .95 .05 .05 .13
2-45 1935-79 45 1 . 0 0 .05 .92 .92 .06 .07 .37
3-35 1938-79 42 . 8 8 .06 .79 .89 .08 .09 .50
3-25 1941-79 39 .72 .08 . 6 8 .95 .08 .09 .44
4-45 1947-79 33 .65 .03 .62 .95 .03 .03 .09
4-25 1951-79 29 .65 .07 .63 .96 .07 .07 -.1 7
5-45 1942-79 38 .97 . 0 2 .93 .96 .03 .05 .73
5-35 1933-79 47 .85 .05 .82 .96 .05 . 1 1 .75
9-25 1948-79 32 .84 .06 .81 .97 .04 . 1 2 .85
9-45 1954-79 26 .64 . 2 0 .64 1 . 0 0 . 2 0 . 2 1 .06
10-25 1933-79 47 . 8 6 .03 .89 1.03 .04 . 1 1 . 8 8
10-45 1932-79 48 .82 .05 .85 ' 1.04 .05 .08 .72
Mean 39 .80 .07 .77 .98 .07 . 1 0 .46
Table C-13. C ro s s -c o r re la t io n  a n a ly s is  o f th e  minimum earlywood in d ic e s  of th e  c o n tro l le d  flo o d in g  s i t e ,
1955-79, among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 6-45 6-46 7-35 7-45 8-45 8-25 9-45 9-46 11-46 11-35 12-26 12-46 13-35 13-25
6-45 - .0 4  .44 .75 - .0 5  - .2 8  - .5 9 - .3 9 - .6 5 - .4 2 - .4 0 .04 .53 .56
6-46 - . 2 1 .04 .60 .59  .31 .30 .03 -.3 7 . 1 2 - .1 5 -.0 4 .13
7-35 .61 - .0 2  - .4 0  - .5 0 .23 -.3 8 - . 0 0 - .5 6 .45 .63 .63
7-45 -.1 4  - .3 5  - .6 5 -.2 3 -.4 4 -.2 4 - .6 2 .16 .60 .48
8-45 .49 .54 .52 - . 2 0 - .5 7 .34 .17 .14 .37
8-25 .41 . 2 2 .09 - . 0 2 .38 . 0 0 - .2 3 . 0 2
9-45 .38 .17 - .1 6 .50 . 0 0 - .2 9 - .1 5
9-46 .19 - .0 9 .18 .33 - .0 5 .16
11-46 .43 .27 -.5 3 -.4 3 - .4 4
11-35 -.1 7 - .0 9 -.2 3 - .2 6
12-26 -.2 7 -.3 4 -.2 8
12-46 .18 .28
13-35 .79
Summary: Average C o rre la tio n  o f Each Sample With A ll O thers
Mean - .0 4 .10  .07 - . 0 0 .17 .07 - .0 0 .14 - .1 5 -.1 7 -.0 7 .04 . 1 0 .18
(B)
Tree 6 7 8 9 1 1 1 2 13
6 .57 .10 - .4 6 - .6 5  - .33 .57
7 -.2 4 - .5 0 - .2 9  - .36 .69
8 .62 - .3 5 .47 .16
9 -.0 3 .52 - .1 6
1 1 . 2 1 - .3 9
1 2 -.1 4
Summary: Average C o rre la tio n o f Each Tree W ith t
Mean - .0 3 - .0 2  .13 - . 0 0 - .3 2  - . 0 1 . 1 2
Table C-14. C ro s s -c o r re la t io n  a n a ly s is  o f th e  minimum earlywood In d ic e s  o f th e  perm anently  flooded  s i t e ,
1955-7 9, among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 1-44 1-33 2-44 2-43 3-33 3-23 4-43 4-23 5-43 5-33 9-23 9-43 10-23 10-43
1-44 -.0 4 - .2 5 - .1 9 - .0 4 .33 .34 -.0 4 -.7 1 .58 - .7 9 . 1 1 .74 .64
1-33 . 2 2 . 0 1 - . 0 2 .50 . 2 2 . 0 1 .29 - .0 4 - .0 5 .25 . 0 2 .29
2-44 .55 .23 -.1 7 .26 - .0 9 .52 . 0 2 .47 - .2 5 - . 0 2 - .0 4
2-43 .45 -.2 3 . 0 0 - .1 8 .14 .38 .33 - .0 3 . 2 1 .04
3-33 - .0 9 . 1 1 .37 . 2 0 .37 .31 . 1 1 . 2 0 .13
3-23 .25 . 2 1 - .1 9 - .0 4 - .5 2 .26 .29 .44
4-43 -.0 4 - .0 6 .38 -.1 4 .15 .36 .36
4-23 . 1 1 - .0 8 .16 -.0 3 .05 .15
5-43 - .4 4 .80 - .0 4 - . 6 6 - .4 0
5-33 - .3 0 .24 .77 .63
9-23 - . 2 2 - .5 4 -.4 7
9-43 . 0 2 . 2 0
10-23 .80
Summary: Average C o rre la tio n  o f Each Sample With A ll Other s
Mean .05 .13 . 1 1 . 1 1 .18 .08 .17 .05 -.0 3 .19 -.0 7 .06 .17 . 2 1
(B)
T ree 1 2 3 4 5 9 1 0
1 - .0 9 .41 . 1 2 .27 -.09 .64
2 .13 - . 1 1 .47 . 1 0 .08
3 .50 .27 .18 .41
4 . 1 1 .08 .23
5 .29 .52
9 - . 2 0
Summary: Average C o rre la tio n  o f Each Tree W ith A]
Mean .21 . 1 0 .32 .15 .32 .06
00es•
Table C-15. The minimum earlywood in d ic e s  chronology fo r  th e  c o n tro lle d  flo o d in g  s i t e ,  1918-79.
I DC NT 
' 7 : C C 3
A N N U A L T M C E - K I N G C M 1 H 0  N 0 L O G Y 3 LQ P g  
4 7 .  1
CUnCG/ SUMMARIES INCLUDED 4 3 4 4
YEAR
0 1 £ 3
INDEX 
4 5 6 7 3 9 NUM3ER 0  1 2  3  4 OF COKES5  6  7  8  9
1 9 1 8  
1 l>2 j  
1 9 3 0  
l'-’4C
1 9 j C 
I 9 6  0 
1 9 7 0
1 . 2 0 9 8
1 . 1 CCv
1 . C 7 2 8  
1 . 5 1  I n  
0 . 9 8 9 1  
0 . 9 6 6 4
1 . 2 S 4 2  
1 . 0 2 0 ?  
1 .  J A ' . O  
0 . 9 3 3 5  
C . 3 U 3 4  
0 . 3 5 9 4
1 . 1 4 3 2  
1 . 0 6 6 5  
1 . 0 6 0 5  
0 . 9 7 0 6  
1 . 0 0 1 0  
0 . 9 6 1 5
1 . 0 8 7 7  
1 . 1 3 7 1  
1 . C 7 1 5  
0 . 9 5 9 0  
1 . 0 0  3 7  
0 . 9 4 1 5
1 . 1 2 1 0  
1 . 0 3 1 6  
1 . 0 3 7 3  
0 . 9 5 7 2  
1 . 0 0 5 6  
0  . 9 5 0 0
1 . 0 3 2 2  
1 . 0 1 2 4  
1 . 0  4 7 9  
0 . 9 7 3 0  
0 . 9 8 1 5  
0 . 9 7 1 9
1 . 0 7 E 6  
1 . 0 1 9 2  
0 . 5 3 4 6  
0 . 9 6 4 8  
1 . 0 1 1 4  
0 . 9 7 4 7
1 .  0 4 3 3  
1 . 0 1 5 6  
1 . 3 2 2 U 
0 . 9 5 4 3  
0 . 9 9 4 6  
0 . 5 9 4 1
1 . 1 8 7 6  
1 . 0 6 5 5  
1 . 0 3 4 7  
1 . 0 1 9 1  
0 . 9 8 0 9  
1 . 0 0 2 S  
1 . 0 3 0 1
1 . 2 2 0 9  
1 . 0 6 5 5  
1 . 0 4 0 4  
1 . 0 0 2 2  
0 . 5 6 7 7  
0 . 9 8 2 0  
1 . 0 5 2 7
1 .  I • I .  1* 1 .  
1 .  2 .  2 .  2 .  3 .  
1 0 . 1 0 . 1 0 . 1 0 . 1 0 .  
1 4 .  1 4 . 1 4 . 1 4 . 1 4 .
1 4 . 1 4 . 1 4 . 1 4 . 1 4 .
1 4 . 1 4 . 1 4 . 1 4 . 1 4 .
1 .  1 .
1 .  1* 1* 1* 1 .  
3 .  3 .  4 .  6 .  6 .  
1 1 . 1 2 . I * . 1 4 . 1 4 .  
1 4 . 1 4 . 1 4 . 1 4 * 1 4 .
1 4 . 1 4 . 1 4 . 1 4 . 1 4 .
1 4 . 1 4 . 1 4 . 1 4 . 1 4 .
I  DENT 
12 C 3 0 0 0 .
R
1 5 4 «
S ER IAL R 




. 0 3 0 7
STD ERROR 
0 . 0 2 2 9
STD DtV 





0 . 0 3 8 4
SU M
6 3 . 5 0 2 8
S
6 6
UM S C  
. 1 5 3 0
N ANOVA YRS 
6 2 .  2 5 .
GROUPS SEO 
2 .  4 7 .
0 .  M I S S I N G  R I N G S .  P E R  C E N T  M I S S I N G 0 . 0 AVERAGE R I NG 41DTH 0 . 9 0
Table C-16. The minimum earlywood in d ic e s  chronology fo r  th e  perm anently  flooded  s i t e ,  1932-79.
IC E N T  A N N U A L
3 3 0 0 0 9  '
CORES/SUMMARIES INCLUDED 2 3 . 2 3
YEAR
T ' n " ' E  'E — R I N G C H R  O N  O L 0  G Y
1 9 3 2
1 9 4 0
1 9 E 0
1 9 6 0
1 9 7 0
1 . 0 0 7 6  
1 . 0 6 7 3  
0 . 9 6 3 5  
0  . 9 7 7 2
1 . 0 6 3 6
1 . 0 2 0 3
0 . 9 4 4 6
0 . 9 6 1 2
0 . 9 3 4 5  
I . 0 8 5 8  
1 . 0 2 3 6  
0 . 9 5 3 8  
1 . 0 0 8 4
1 . 0 5 3 7
1 * 0 8 2 4
0 . 9 9 2 6
0 . 8 7 1 6
0 . 9 4 7 5
INDEX 
4  5
I . 0 3 0 1  
1 . 0 5 2 5  
0 . 9 9 7 3  
0 . 9 2 4 3  
0 . 9 3 4 4
1 . 0 3 7 3
1 . 0 6 7 7
0 . 9 9 2 3
0 . 9 1 7 2
0 1 9 7 5 8
1 . 0 3 2 8  
1 . 0 6 7 0  
0 . 9 9 3 7  
0 . 9 4 3 6  
1. 0156
0 . 9 8 0 1  
1 . 1 1 0 5  
I . 0 2 3 9  
0 . 9 8 4 0  
i ; C 1 8 2
8
1 . 0 5 0 6  
1 . 0 5 5 3  
1 . 0 3 0 5  
0 . 9 8 1 1  
1 1 0 2 3 1
1 . 0 1 9 1  
1 . 0 3 5 6  
I . 0 0 7 1  
0 . 9 6 1 7  
1 . 0 6 1 9
G E O  P G  
2 4 .  1
NUM3EK OF CU.TbS 
2 3  4 5  6  7
1 .  3 .  3 .  4 .  5 .  5 .  6 .  6 .  
7 .  6 .  9 .  9 .  9 .  V .  * . 1 1 . 1 2 . 1 2 .
1 2 . 1 3 . 1 3 . 1 3 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 .  
1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 * 1 4 . 1 4 .
1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 . 1 4 .
1DENT
3 3 0 0 0 0
R
- 0 . 0 6 1 7  
A
0 . 0 4 7 8
S E R IA L  R 
0 . 7 2 2 7
B




4 8 . 2 8 8 8
MEAN
1 . 0 0 6 0
SUM SO 
4 8 . 7 0 1 8
STD ERROR 





0 . 0 5 1 0
GROUPS
2 . 5E(12 4 .
1 .  MI SS IN G R I N G S .  PER CENT M I S SI N G  s 0 .  1 8 AVERAGE R I NG MIDTH 0 . 8 1
146
Table C-17. Mean ( e n t i r e  sample and 1948-79) and mean s e n s i t i v i ty  o f d e n s ity  d if f e r e n c e  v a lu e s  and mean,
mean s e n s i t i v i t y ,  standard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f th e  d e n s ity  d i f ­
fe re n c e  in d ic e s  o f th e  c o n tro l le d  f lo o d in g  s i t a ,  1948-79.
D ensity  D iffe ren ce  V alues D ensity  D iffe re n c e  In d ic e s ,  1948-79
Number Mean Mean Mean Mean S tandard F i r s t  Order
Sample Y ears of Y ears Mean S e n s i t iv i ty  1948-79 Index S e n s i t iv i ty  D ev ia tion  A u to co rre l.
6-47 1946-7 9 34 .28 . 2 0 .27 .99 .19 . 2 0 .34
6-48 1947-79 33 .24 . 2 1 .25 1 . 0 1 . 2 0 .23 .31
7-37 1940-79 40 .25 .27 .27 1.06 .25 .24 . 0 1
7-47 1945-79 35 .24 .28 .24 .99 .27 .25 . 0 0
8-47 1940-79 40 .31 .31 .34 1 .09 .32 .30 .14
8-27 1947-79 33 . 2 2 .26 . 2 2 1 . 0 0 .25 .27 .34
9-47 1940-79 40 .39 .23 .42 1.08 . 2 2 .31 .54
9-48 1938 -79 42 .29 .29 .31 1.09 .31 .53 .24
11-48 1938-79 42 .45 . 2 0 .46 1 . 0 2 . 2 0 .23 .16
11-37 1940-79 40 .29 .32 .30 1 . 0 1 .34 .28 -.1 7
12-28 1934 -79 46 .43 .27 .45 1.04 .29 .31 .08
12-48 1918-79 62 .45 .26 .44 .96 .27 .23 .07
13-37 1937-79 43 .37 .15 .37 1 . 0 0 .15 .15 .13
13-27 1931-79 49 .35 .23 .36 1 . 0 1 .23 . 2 1 .13
Mean 41 .33 .25 .34 1.03 .25 .27 .17
Table C-19. Mean ( e n t i r e  sample and 1955-79) and mean s e n s i t i v i t y  o f d e n s ity  d if f e re n c e  v a lu e s  and
mean, mean s e n s i t i v i t y ,  s tandard  d e v ia tio n  and f i r s t  o rd e r a u to c o r re la t io n  o f  d e n s ity
d if f e re n c e  in d ic e s  o f th e  perm anently  flooded  s i t e ,  1955-79.
D ensity  D iffe ren ce  V alues D ensity  D iffe ren ce  In d ic e s ,  1955-79
Number Mean Mean Mean Mean S tandard F i r s t  Order
Sample Y ears of Y ears Mean S e n s i t iv i ty  1955-79 Index S e n s i t iv i ty  D ev ia tio n  A u to co rre l.
1-48 1940-7 9 40 .40 . 2 0 .45 1 . 1 1 .15 .24 .17
1-37 1936-7 9 44 .32 .38 .36 1 . 1 1 .41 .54 .49
2-48 1947-7 9 33 .35 .28 .35 1 . 0 1 .28 .23 - .1 4
2-47 1935-7 9 45 .24 .30 .25 1 . 0 2 .32 .35 .41
3-37 1938-79 42 .39 .23 .42 1 .09 .29 .30 .07
3-27 1941-79 39 .48 .31 .48 1 . 0 0 . 2 2 .18 - .1 6
4-47 1947-79 33 .32 . 2 1 .35 1.07 . 2 0 .29 .61
4-27 1951-7 9 29 .42 . 2 1 .45 1.07 . 2 2 .24 .30
5-47 1942-79 38 .40 . 2 1 .38 .95 . 2 0 .19 -.0 7
5-37 1933 -79 47 .35 .28 .37 1 .06 . 2 1 .25 .33
9-27 1948-79 32 .34 .29 .35 1.03 .24 . 2 2 .09
9-47 1954-79 26 .34 .39 .34 1 . 0 1 .40 .33 -.0 3
10-27 1933-79 47 .28 .40 .32 1 .16 .44 .36 -.0 7
10-47 1932-79 48 .34 .39 .37 1 . 1 0 .36 .27 -.4 4
Mean 39 .36 .29 .37 1 .06 .28 .29 . 1 1
Table C-20. C ro s s -c o r re la t io n  a n a ly s is  o f th e  d e n s ity  d if f e r e n c e  in d ic e s  of th e  c o n tro l le d  flo o d in g
s i t e ,  1948-79, among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 6-47 6-48 7-37 7-47 8-47 8-27 9-47 9-48 11-48 11-37 12-28 12-48 13-37 13-27
6-47 . 0 2 .28 . 2 1 .14 - . 1 2 .07 .08 - .2 6 - . 1 0 - .0 4 .17 . 1 2 .08
6-48 .18 .08 .04 . 0 1 .31 - . 0 1 - . 0 2 .14 .07 .06 .15 .30
7-37 .14 .19 . 1 2 - . 0 1 - .0 8 - .4 2 .06 -.1 3 .03 - .3 2 - . 1 0
7-47 .07 -.0 3 -.0 4 - .4 9 - .2 6 -.0 7 - . 0 2 .15 - .0 8 . 0 1
8-47 .38 . 2 1 .31 -.0 8 - . 0 1 - .3 0 . 2 0 .04 - .0 5
8-27 .39 .26 - . 1 1 .17 - .0 9 .23 - .1 9 .16
9-47 .47 .08 .32 .14 .14 . 0 0 . 2 1
9-48 . 2 2 .16 .13 -.0 8 .27 .18
11-48 . 1 2 . 0 1 - . 2 0 .40 . 0 1
11-37 .36 - . 1 1 .07 .29
12-28 - . 0 2 - . 0 2 .53
12-48 - .0 6 - .1 5
13-37 .44
- Summary: Average C o rre la tio n of Each Sample With A ll O thers
Mean .05 . 1 0 - .0 0  - .0 3 .09 .09 .18 . 1 1 - .0 4 . 1 1 .05 .03 .06 .15
(B)
Tree 6 7 8 9 1 1 1 2 13
6 .34 .04 .15 - .0 9 . 1 1 .28
7 .14 - .2 9 - .2 8 - . 0 1 - .1 7
8 .40 - . 0 0 - .0 3 . 0 0
9 .30 .13 .24
1 1 .09 .29
12 .20  
Summary: Average C o rre la tio n  o f Each Tree W ith A ll O thers
Mean .14 - .0 5  .09  .16  .05 .08 .14
Table C-21. C ro s s -c o r re la t io n  a n a ly s is  o f th e  d e n s ity  d if f e r e n c e  in d ic e s  o f th e  perm anently  flooded
s i t e ,  1955-79, among a l l  samples (A) and among t r e e s  (B ).
(A)
Sample 1-48 1-37 2-48 2-47 3-37 3-27 4-47 4-27 5-47 5-37 9-27 9-47 10-27 10-47
1-48 -.2 7  .14 - .3 2  .19 . 0 1 .48 . 1 2 - .3 5 . 1 0 .23 .29 .15 .15
1-37 - .2 5  - .2 8  - .0 2 .31 - . 1 1 - .0 9 .30 - .1 6 -.3 1 -.1 7 . 2 0 .18
2-48 .37 .20 - .2 5 .09 - . 0 1 - .5 0 .16 .07 .15 .17 - . 2 0
2-47 . 1 1 . 1 0 .03 .48 .14 .42 .03 .39 .24 - . 1 2
3-37 .37 .44 .37 .14 .38 . 1 0 .39 .28 . 2 2
3-27 .07 .33 .36 .33 - .0 9 .31 .59 .27
4-47 .51 -.1 8 .50 .29 .45 .35 .26
4-27 -.0 7 .44 .15 -.5 7 .47 .36
5-47 . 1 1 - .1 7 - .1 4 .07 .14
5-37 .30 .55 .56 .31
9-27 . 2 0 . 2 2 .33
9-47 .42 .13
10-27 .59
Summary: Average C o rre la tio n  o f Each Sample With A ll O thers
Mean .07 - .0 5  .01 .12 .24 . 2 1 .24 .28 - . 0 1 .31 . 1 0 .27 .33 . 2 0
(B)
Tree 1 2 3 4 5 9 1 0
1 .40  . 19 .05 - . 0 1  --.14 .30
2 «1 1 . 2 2 . 2 2 .30 .07
3 .45 .48 .35 .44
4 .33 .57 .46
5 .33 .45
9 .40
Summary: Average C o rre la tio n  o f Each Tree With A ll O thers
Mean - . 0 0 .09 34 .35 .30 .30 .36
Table C-22. The d e n s ity  d if fe re n c e  in d ic e s  chronology fo r  th e  c o n tro lle d  flo o d in g  s i t e ,  1918-79.
1 DENT 
1 2 0 0 0 0
A N N U A L T R E E -  H 1 N G C H R O N D L 0  G 4
CCKES/SLMMARILS INCLUDED 2 2 2 3
YEAR
0 1 2 3
INDEX 
4 5 6 7 8 9
1 91 8 
1 9 2 0  
1 9 3 0  
1 9 4 0  
1 9 5 0  
I 9 6 0  
1 3 7 0
0  . 7 2 7 3
0 . 9 4 7 8  
0 . 7 5 7 2  
0 . 7 5 2 1  
I . 0 7 6 3
1 . 1 2 9 4
0 . 7 7 1 4  
1 . 1 4 6 6  
0 . 3 5 2 7  
0 . 9 1 1 8  
1 . 0 5 3 1  
1 . 0 8 6 3
0 . 9 f c S 8  
1 . 0  5 9 4  
0 . 6 5 2 3  
• 3 . 9 5 0 4  
0 . 5 4 8 8  
1 . 0 4 0 5
0 . 0 8 1 6  
0 . 7 5 5 1  
0 . 0 0 5 5  
1 . 0 2 1 0  
1 . 0 5 8 6  
1 . 0 t ) 2 1
1 . 1 2 4 1  
1 . 0 5 6 8  
0 . 7 7 8 2  
1 . 0 4 J 5  
1 . 0 5 6 4  
1 . 2 4 7 2
1 . 0 1 3 9  
1 . 1 7 4 1  
0 . 8 6 8 9  
0 . 0 8 6 3  
0 . 9 7 4 0  
1 . 0 2 7 9
0 . 8 1 5 3  
0 . 9 6 0 9  
0 . 9 4 6 6  
1 . 0 4 0 8  
0 . 0 5 3 4  
1 . 0 6 6 2
1 . 2 7 8 4  
1 . 0 2 2 2  
0 . 9 3 9 7  
1 . 1 7 4 0  
0 . 5 7 8 9  
1 . 0 2 5 7
0 . 8 1 5 5
0 . 9 9  13
1 .  1 7 3 4  
0 . 8 8 8 0  
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T able C-23. The d e n s ity  d if f e re n c e  in d ic e s  chronology fo r  th e  perm anently  flooded  s i t e ,  1932-79.
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APPENDIX D
T ab le  D- 
T ab le  D-;
T ab le  D-:
T ab le  D-'
T ab le  D-
D ata f o r  1961-70  v s .  1970-79 (C h ap te r  5)
. V a r i a b i l i t y  v a lu e s  f o r  each  y e a r  o f  th e  s i t e  c h ro n o lo g ie s ,  
1961-7 9
A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  r in g  w id th  in d ic e s  
f o r  th e  c o n t r o l le d  f lo o d in g  and p e rm a n en tly  f lo o d ed  
s i t e s ,  p r e -  (1961-7 0) and p o s t-c h a n g e  (1970-7 9 ) .
A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  t h e  maximum la tew ood  
in d ic e s  f o r  th e  c o n t r o l le d  f lo o d in g  and p e rm an en tly  
flo o d e d  s i t e s ,  p r e -  (1961-70) and p o s t-c h a n g e  (1 9 7 0 -7 9 ).
A n a ly s is  o f v a r ia n c e  r e s u l t s  f o r  th e  minimum earlyw ood 
in d ic e s  f o r  th e  c o n t r o l le d  f lo o d in g  and p e rm an en tly  
f lo o d e d  s i t e s ,  p r e -  (1961-70) and p o s t-c h a n g e  (1 9 7 0 -7 9 ) .
A n a ly s is  o f  v a r ia n c e  r e s u l t s  f o r  th e  d e n s i ty  d i f f e r e n c e  
in d ic e s  f o r  th e  c o n t r o l le d  f lo o d in g  and p erm a n en tly  
f lo o d e d  s i t e s ,  p r e -  (1961-70) and p o s t-c h a n g e  (1 9 7 0 -7 9 ).
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S tan d a rd
E rro r
S tan d a rd
D e v ia t io n Var ia n c  e
1961 0 .8749
C o n tro l le d  F lo o d in g  
0 .1025
S i te
0 .3836 0 .1472
1962 0 .6030 0.1137 0.4254 0.1809
1963 0.5023 0.0944 0.3531 0.1247
1964 1 .1025 0.1521 0 .5690 0.3237
1965 1.2677 0.1313 0.4912 0.2413
1966 1 .5759 0.1947 0.7284 0 .53  06
1967 1.0317 0.1703 0.6373 0.4061
1968 0.9863 0 .1029 0.3849 0.1482
1969 1.0268 0.1424 0.5328 0 .2839
1970 1.4238 0.1372 0.5134 0 .2636
1971 0.8484 0.1215 0.4546 0 .2066
1972 0.9483 0.087 5 0 .3275 0.1072
1973 1.0772 0.0753 0.2817 0.07  94
1974 1.0921 0.074 6 0.27 91 0 . 07 7 9
1975 1.3134 0 .2125 0.7951 0.6321
1976 1.0887 0.1173 0.4389 0.1927
1977 1.1383 0.0917 0.3432 0.1178
1978 0.7231 0.07  55 0 .2826 0 .0799
1979 0.6118 0.0762 0.2852 0.0813
Mean 1 .0129 0.1197 0.4477 0.2224
1961 0.8604




1962 0 .4445 0 .0660 0.2471 0.0611
1963 0 .2920 0.0567 0.2123 0.0451
1964 1 .2586 0 .1150 0.4304 0.1853
1965 2 . 0 1 0 0 0 .1409 0.5272 0.2779
1966 1 .7 0 7 0 0.2336 0 .8740 0 .7639
1967 1.0128 0. 0787 0.2945 0.0867
1968 1 .0060 0.0878 0 .3286 0 .1080
1969 0.6743 0.0711 0 .2659 0.07  07
1970 1.5843 0.2275 0.8512 0 .7245
1971 1 .1636 0.1854 0 .6936 0.4811
1972 1 .4  975 0.1817 0.67 9 9 0.4623
1973 1.07  63 0 .1056 0.3951 0.1561
1974 1.0062 0.0999 0.3738 0.13 97
1975 1 .5136 0.1921 0 .7186 0.5164
1976 1.0092 0 .1270 0.4754 0.2260
1977 0.6533 0.0642 0.2402 0.0577
1978 0.4296 0.0524 0.1961 0. 0384
1979 0.4565 0.0451 0.1689 0.0285
Mean 1.034 5 0.1167 0 .4366 0 .2386
Table D-2. A n a ly sis  o f v a r ia n c e  r e s u l t s  fo r  th e  r in g  w id th  in d ic e s  fo r  th e  c o n tro l le d  f lo o d in g  and























C on tro lled  F looding S ite
T rees (T) 6 3.6100 2.2646
Cores (C) 1 .0676 .07 69
Y ears (Y) 9 14.0112 .0888 26 7.9148 .0459 2 0
T X C 6 2.3288 .8670
T X Y 54 16.9214 .0586 17 12.8031 .0543 24
C X Y 9 .933 0 -.0132 0 .9526 -.0032 0
T X C X Y 54 10.5908 .1961 57 6.9349 .1284 56
Perm anently Flooded S ite
Trees (T) 6 .7882 1.4028
Cores (C) 1 .1168 .0451
Y ears 0 0 9 39.0840 .2890 53 22.5557 .1511 33
T X C 6 1.0414 1.4622
T X Y 54 16.0019 .0383 7 21.1194 .0895 2 0
C X Y 9 1.7340 -.0039 0 1.3179 -.0094 0
T X C X Y 54 11.8702 .2198 40 11.4504 . 2 1 2 0 47
* N egative v a r ia n c e  components a re  rep la ced  by zero  (K irk , 1968 and Dunn andC lark , 1974). The v a r ia n c e  
components a r e  o n ly  computed fo r  th e  so u rces  which in te r a c t  w ith  th e  chronology (y ea rs )  acco rd ing  to  
th e  methods of F r i t t s  (1976).
Table D-3. A nalysis  o f v a r ia n c e  r e s u l t s  fo r  th e  maximum latewood In d ic e s  fo r  th e  c o n tro l le d  f lo o d in g  and 























C o n tro lled Flooding S i te
T rees (T) 6 .0975 .3041
Cores (C) 1 .0051 .0096
Y ears (Y) 9 .0370 - . 0 0 0 1 0 .0992 . 0 1 1 0 1 2
T X C 6 .0377 .1033
T X Y 54 .2714 . 0 0 1 0 24 .2268 .0006 15
C X Y 9 .0264 - . 0 0 0 0 0 .0217 - . 0 0 0 1 0
T X C X Y 54 .1676 .0031 76 .1604 .0030 73
Perm anently Flooded S ite
T rees (T) 6 .2435 .3105
Cores (C) 1 .032 6 .0035
Y ears (Y) 9 .5581 .0038 19 .0494 - . 0 0 0 1 0
T X C 6 .033 0 .4696
T X Y 54 .4792 -.0030 0 .3920 .0007 1 0
C X Y 9 .2303 .0015 7 .0762 .0004 6
T X C X Y 54 .8011 .0148 74 .3182 .0059 84
* N egative v a r ia n c e  components a r e  rep la ced  by zero  (K irk , 1968 and Dunn and C la rk , 1974). The v a r ia n c e
components a r e  on ly  computed fo r  th e  so u rces  which in t e r a c t  w ith  th e  chronology (y e a rs )  acco rd ing  to
th e  methods o f F r i t t s  (1976).
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T able D-4. A n a ly sis  o f v a r ia n c e  r e s u l t s  fo r  th e  minimum earlywood in d ic e s  fo r  th e  c o n tro l le d  flo o d in g  























C on tro lled Flooding S i te
T rees (T) 6 .2724 1.1311
Cores (C) 1 .0170 .0033
Y ears (Y) 9 .0245 - . 0 0 0 2 0 .1662 . 0 0 1 0 23
T X C 6 .0765 .2903
T X Y 54 .2891 . 0 0 1 1 23 .2097 .0004 9
C X Y 9 .0638 .0006 1 2 .0084 -.0003 0
T X C X Y 54 .1708 .0032 65 .1614 .0030 6 8
Perm anently Flooded S i te
T rees (T) 6 .1738 .9647
Cores (C) 1 .0093 .0115
Y ears (Y) 9 .1514 . 0 0 0 2 1 .1973 . 0 0 1 2 9
T X C 6 .0909 .4585
T X Y 54 .7218 -.0006 0 .2963 -.0034 0
C X Y 9 .2374 .0017 1 0 .0695 -.0 0 0 6 0
T X C X Y 54 .7815 .0145 89 .6625 .0123 91
* N egative v a r ia n c e  components a re  rep laced  by zero  (K irk , 1968 and Dunn and C la rk , 1974). The v a r ia n c e
components a r e  o n ly  computed fo r  th e  so u rces  which in t e r a c t  w ith  th e  chronology (y e a rs )  acco rd in g  to
th e  methods o f F r i t t s  (1976).
Table D-5. A n a ly sis  o f v a r ia n c e  r e s u l t s  fo r  th e  d e n s ity  d if f e re n c e  in d ic e s  fo r  th e  c o n tro l le d  flo o d in g  























C on tro lled  Flooding S ite
Tree (T) 6 .1431 2.0588
Cores (C) 1 . 0 0 0 0 .0037
Y ears (Y) 9 .7670 .0004 1 .6073 .0003 1
T X C 6 .3382 .2917
T X Y 54 4.3159 .0090 1 2 3.4001 .0019 3
C X Y 9 .2032 -.0056 0 .1737 -.0057 0
T X C X Y 54 3.3425 .0619 87 3.1907 .0591 96
Perm anently Flooded S ite
T rees (T) 6 1.2424 .7668
Cores (C) 1 .0848 . 0 0 0 1
Y ears (Y) 9 3.4302 .0204 2 0 1.0219 .0017 2
T X C 6 .3304 .9488
T X Y 54 4.6162 .0042 4 4.8243 .0026 3
C X Y 9 .7431 .0008 1 .8859 . 0 0 2 0 2
T X C X Y 54 4.1606 .077 0 75 4.5432 .0841 93
*N egative v a r ia n c e  components a re  rep laced  by zero  (K irk , 1968 and Dunn and C la rk , 1974). The v a r ia n c e
components a r e  o n ly  computed fo r  th e  so u rces which in te r a c t  w ith  th e  chronology (y ea rs )  acco rd ing  to
th e  methods o f F r i t t s  (1976).
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p u rsu e  a  m a jo r in  B io lo g y  and a  m ino r in  J o u rn a lis m . The summer 
o f  1967 was s p e n t  ta k in g  f i e l d  B io lo g y  c o u rs e s  a t  th e  F ranz Theodore 
S to n e  L a b o ra to ry  o f  Ohio S ta t e  U n iv e r s i ty .  As an  u n d e rg ra d u a te  she  
was on th e  D ean 's  L i s t  and s e le c te d  f o r  W ho's Who in  American 
C o lle g e s  and U n iv e r s i t i e s .  She was g ra n te d  a  B .S . d e g re e  from  
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R idge G i r l  S cou t C o u n c il, I n c .  A f te r  g ra d u a t in g  w ith  an  M.S. d e g re e  
from  A rkansas S t a t e  in  1973, sh e  ta u g h t B io lo g y  a t  S helby  S ta t e  
Community C o lle g e  in  Memphis and s e rv e d  a s  a  copy e d i t o r  f o r  
F r o n t ie r  P r e s s .
Her m a s te r s  t h e s i s  was e n t i t l e d :  T ree -R in g  D atin g  o f  th e  Bald
C ypress (Taxodium d is tic h u m  L. R ic h .)  in  th e  Lower M is s is s ip p i  
V a lle y . As p a r t  o f th e  U n ited  S t a t e s  b ic e n te n n ia l  c e l e b r a t i o n  she  
r e c e iv e d  r e s e a r c h  fu n d s  from  th e  T en n essee  D epartm ent o f  C onserva­
t i o n  f o r  h i s t o r i c a l  d a t in g  a t  The H e rm ita g e , Andrew J a c k s o n 's  home, 
and C a s ta l ia n  S p r in g s  H i s to r i c  S i t e .  B oth a r e  lo c a te d  n e a r  
N a s h v i l l e ,  T en n e ssee .
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